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HE year 1gor has not been very prolific in researches upon 

atomic weights, at least so far as actual publications would 

seem to indicate. A fair amount of work, however, is announced 

from various sources, and doubtless it will appear in print during 

1902. The investigations of current date are summarized in the 

| following pages: 

NITROGEN. 


Scott’ has carefully redetermined the ratios between ammonium 
bromide and silver. The silver was purified by various methods, 
and each experiment is cited with the proper details upon this 
point. The ammonium bromide was prepared from hydrobromic 
acid, with ammonia from different sources. It was brilliantly 
white, and remained so upon heating to 180°, whereas that used 
by Stas in his investigations became grayish. All weights were 
reduced to a vacuum, and calculations were made with 
Ag = 107.93. Results as follows, but for details the original 
paper should be consulted : 

1 J. Chem, Soc., 79, 147 (1901). 
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Weight NH,Br. Weight Ag. Molecular weight NH,Br. 
4.89631 5.39380 97-975 
2.45925 2.70914 97-972 
3.29478 3.62928 97.982 
4.46957 4.92273 97-994 
4.20661 4.63303 97-996 
4.23664 4.66644 97-989 
4.31464 4.75175 98.001 
6.19233 6.82047 97-990 
8.77664 9.66608 97-999 

10.47233 11.53416 : 97-994 
4.91997 5.41834 98.0028 
5.00442 5.51164 97-997 
5-17914 5.70390 98.000 
4.84099 5-33177 97-995 
5.10677 5-62515 97-984 


Rejecting the first three experiments, in which the bromide 
was slightly acid, Scott’s mean value for the molecular weight 
of NH,Br is 97.995. Stas found 98.032, and Scott supposes that 
his salt may have contained traces of platinum, whence the gray- 
ness which appeared on heating. 

As a further check on the determinations Scott collected and 
weighed the silver bromide produced, and so determined anew 
the ratio between Ag and AgBr. Data as follows: 


Weight Ag. Weight AgBr. Ratio AgBr to 100 Ag. 
6.82315 11.87733 174.074 
9.66809 16.82816 174.059! 
5.41906 9.43315 174.0735 
5-51258 9-59596 174.074 
5.70686 9.93346 174.062 
5.33191 9.28093 174.064 
5.62572 9.79254 174.067 


Stas’ value for this ratio is 174.080. 
Two additional experiments were made upon the ratio between 
ammonium chloride and silver. 


Weight NH,Cl. Weight Ag. Molecular weight NH,C1. 
4.78257 9.64484 53-519 
5-51744 TI.12810 53-513 


In still another experiment connected with these two, the silver 
chloride was weighed. 4.7850 NH,Cl gave 12.82048 AgCl. 
Hence NH,Cl = 53.5164. Stas’ value is 53.532. Further in- 
vestigations are promised; but until they are complete Scott re- 


1 174.090 when corrected for a known impurity. 
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gards it as premature to compute the atomic weight of nitrogen 
from these data. As they stand they give: 
From the bromide, NH, = 18.040. 
From the chloride, NH, = 18.059. 
CALCIUM. 

The atomic weight of calcium has been redetermined by Hin- 
richsen.' The purest Iceland spar was ignited, and the ratio so 
determined between CaCO, and CaO. A correction is applied for 
0.032 per cent. of Fe,O,, found by analysis, and assumed to rep- 
resent FeCO, in the original mineral. Weights were reduced to 
a vacuum, and calculations were made with O = 16, and C= 12. 
The data are as follows, all corrections applied : 








Weight CaCO. Weight Cao. Atomic weight Ca. 
30.72157 .  17.22354 40.144 
32.77791 18.37587 40.14] 
34.45625 19.3169 40.142 
33-36885 18.70723 40.141 

Sum, 131.32458 73.62462 40.142 


Herzfeld’s determinations of the atomic weight of calcium, 
cited in the report of last year, have been reproduced in the 
Berichte,’ and so made accessible to the general reader. 


ARSENIC. 
Somewhat elaborate determinations of the atomic weight of 
arsenic have been made by Ebaugh’® under the guidance of Edgar 
F. Smith. First, silver arsenate was converted into silver chlo- 
tide by heating in hydrochloric acid gas. All weights were re- 
duced toa vacuum. ‘The results are as follows, with O= 16, 
Cl = 35.45, and Ag = 107.92. 





Weight AgsAsOy,. Weight AgCl. Atomic weight As. 
0.23182 0.21547 74.987 
0.47996 0.44615 74.944 
0.52521 0.48820 ; 74.956 
0.80173 0.74517 74.996 
0.94782 0.88083 75.061 
1.02047 0.94830 75.083 
1.03558 0.96258 74.974 
1.05462 0.98014 75.033 

Mean, 75.004 


1 Ztschr. phys. Chem., 39, 311. 
2 Vol. 34, P. 559. 
3 Doctoral thesis, University of Pennsylvania, 1901. 
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The silver chloride from seven of these experiments was next 
reduced by heating in hydrogen. The silver contained in the 
arsenate was thus determined, giving the following data : 


Weight Ag;AsO,. Weight Ag. Atomic weight As. 
0.23182 0.162175 75.027 
0.47996 0.33583 74.950 
0.52521 0.367525 74-907 
0.80173 0.56099 74.936 
0.94782 0.66318 ; 74.959 
1.02047 0.71400 74.964 
1.05462 0.73771 75.082 





Mean, 74.975 
Experiments upon the conversion of silver arsenate into bro- 
mide were unsatisfactory. The conversion of lead arsenate into 
lead chloride gave good results, however, as follows: Calculated 
with Pb = 206.92. 


Weight Pb3;AsoOg. Weight PbClo. Atomic weight As. 
0.38152 0.35381 74.988 
0.436197 0.40449 75.016 
0.57218 0.53065 74.964 
0.60085 0.55717 75.020 
0.74123 0.68736 75.010 
0.77107 0.71494 75-067 
0.88282 0.81858 75.054 
0.97779 0.90674 75-054 





Mean, 75.022 
Three more determinations, based upon the conversion of 


lead arsenate into lead bromide by heating in gaseous hydrobro- 
mic acid, were also successful. Calculated with Br = 79.95. 


Weight Pb3As.Oxg. Weight PbBre. Atomic weight As. 
0.59704 0.73092 75-066 
0.61712 0.75567 74.967 
0.65799 0.80569 74.980 
, Mean, 75.004 
The general mean of all twenty-six determinations is 
As = 75.008. 
Various other methods of determination were attempted, but 
unsuccessfully. 
ANTIMONY. 


Friend and Smith’ have applied a new method to the deter- 
1 This Journal, 23, 502 (1901). : 
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“mination of the atomic weight of antimony. Potassium tartryl- 
antimonite (tartar emetic), was heated in dry hydrochloric acid 
gas, the final residue of the operation being potassium chloride. 
All weights were reduced toa vacuum. The results were as fol- 
lows, when H = 1.008, C= 12, K = 39.11, and Cl = 35.45. 


Weight of salt. Weight KCl. Atomic weight Sb. 
1.19481 0.27539 120.345 
1.57004 0.36186 120.359 
2.00912 0.46307 120.351 , 
2.04253 0.47073. 120.379 
2.16646 0.49935 120.341 
2.25558 0.51982 120.385 
2.61255 0.602155 120.350 
2.95272 0.68064 120.311 





Mean, 120.353 


This value approximates to those found by Schneider and by 
Cooke from their studies of antimony trisulphide. 


TELLURIUM. 

An interesting contribution to our knowledge of tellurium: is 

due to Steiner,’ who has measured its atomic weight by partial 

analyses of diphenyl telluride. In this compound, by combus- 

tion, the carbon was determined, and from that determination the 

atomic weight of the metal was computed. The data, for two 
separate fractions of material, are as follows: 





Weight C)oHjoTe. Weight COs. Per cent. C. Atomic weight. 
0.2295 0.5512 51.39 126.1 
I {22339 0.4811 51.28 126.7 
0.23065 0.4341 51.34 126.4 
( 0.2140 0.4031 51.38 126.2 
* 10.2578 0.4849 51.31 126.6 
Mean, 126.4 


Calculated with C= 12.003, H=1.008. The results are, of 
course, only approximate, and are intended by the author as an 
indication of a promising method, and as evidence that the 
atomic weight of tellurium falls below that of iodine, as demanded 
by the periodic law. 

Steiner also gives two analyses of diphenyl selenide, with de- 
terminations of the atomic weight of selenium based upon them. 
The data are: 

1 Ber. d. chem. Ges., 34, 579. 
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Weight C).Hj)Se. Weight COs. Per cent. C. Atomic weight. 
0.2812 0.6375 61.85 78.8 
0.5371 1.2158 61.71 79.3 


Another communication upon the atomic weight of tellurium 
is by Pellini', who employed the old methods of oxidation and 
reduction connecting Te with TeO,. His material, however, was 
purified by means of two organic compounds, dipheny] telluride 
and diphenyl tellurium dibromide, from which the metal used in 
the determinations was finally obtained. 

First, Te was oxidized to TeO, by means of nitric acid. In 
the first three determinations the dioxide was heated to 400° ; in 
the remaining four it was fused. The sixth experimentis only 
partially stated ; the figures in the third and fourth columns have 
been computed by yourcommittee. The final mean result (O = 
16) is that given by Pellini. 


Weight Te. Weight TeO,. Percent. Tein TeOs. Atomic weight. 
1.0679 1.3353 79.968 127.70 
2.5469 1.9354 79.926 127.41 
2.2386 2.7980 . 80.007 128.05 
2.4522 3.0665 79.967 127.73 
2.0977 2.6239 79.945 127.56 
2.0442 2.5575 79-929 127.43 
2.0434 2.5556 79.957 127.66 





Mean, 127.65 


The reduction experiments performed in hydrogen by Staud- 
enmayer’s method were only three in number, as follows: 


Weight TeOs. Loss of weight. Percent. Tein TeO.. Atomic weight. 
1.4680 0.2944 79-945 127.56 
1.9968 0.3993 80.000 128.02 
1.9575 0.3932 79-913 127.30 





Mean, 127.62 

The figures obtained are not remarkably concordant, but they 
tend to confirm the older determinations, and to place tellurium 
above iodine. 

Still a third memoir upon this atomic weight is due to Koeth- 
ner,’ whose work is more than ordinarily elaborate and thorough. 
His material was scrupulously purified, and studied spectroscop- 
ically; and the only (minute) impurities which seem to be possi- 
bly present are such as would tend to lower the observed atomic 


1 Ber. d. chem. Ges., 34, 3807. 
2 Ann. Chem. (Liebig), 319, 1. 
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weight. Several methods of determination were attempted, but 
the final results rest upon the study of the basic tellurium ni- 
trate, Te,O,.NO,.OH. This salt, on heating under proper pre- 
cautions, is reduced to TeO,. In the second series of determina- 
tions, as given below, the tellurium which served as the start- 
ing-point had been distilled zz vacuo; in the first series that pre- 
caution was not taken. The weights were not reduced to a 
vacuum, and the calculations were based upon O=— 15.88, 
N = 14.93, and H=1. 





SERIES I. 

Weight of salt. Weight TeOs. Atomic weight Te. 
2.9373 2.4522 126.39 
2.7982 2.3361 126.40 
2.8554 2.3840 126.46 

Mean, 126.41 
If O=16, Te= 127.36 
SERIEs II. 

Weight of salt. Weight TeOs. Atomic weight Te. 
5.30270 4.42824 126.67 
6.00600 5.01543 126.64 
5.58039 4.65990 126.62 

28.66904 23.94259 126.73 
2.83859 3.20560 126.71 
5.85449 4.88930 126.69 

25.65029 21.42146 126.70 





Mean, 126.68 
Hf O—16, Te=— 127.63 

These last values are esseutially identical with those found by 
Pellini. The memoir contains criticisms of the recent work of 
others upon the atomic weight of tellurium, and is unusually 
complete. 

TUNGSTEN. 

Taylor’, working under the direction of Edgar F. Smith, has 
made numerous experiments upon the reduction of WO, to W, 
and the reverse oxidation, and has obtained discordant data as to 
the atomic weight of tungsten. His material was prepared from 
wolfram, and purified by recrystallization as ammonium tung- 
state. The discrepancies are probably to be explained by the 
presence in the latter salt of small quantities of an ammonium- 
iron-manganese tungstate. Experiments were also carried out 


4 Doctoral thesis, University of Pennsylvania, 1901. 
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upon the expulsion of CO, from Na,CO, during solution in the 
latter of WO,. This work was done somewhat imperfectly, and 
the results are not of absolute value ; they are, however, encour- 
aging, and show that the method has some presumptive merit. 
The thesis is essentially a study of methods, rather than of actual 
determinations of atomic weight. It has value, as showing some 
of the errors which have vitiated former work, and which may 
now be avoided. 
URANIUM. 


Aloy' has determined the atomic weight of uranium by a new 
method, which he proposes to apply to other metals as well. The 
pure nitrate, of unknown weight, was the material studied. 
Nitrogen was determined volumetrically, and in the same sample 
the metal was estimated as UO,. From the ratio between these 
measurements the desired atomic weight was computed. The 
data given are as follows : 


Volume of N. 


No. cc, Atomic weight U. 
I 15.25 239.3 
2 33-5 239.4 
g 38.0 239.6 
4 52-5 239-5 
5 81.25 239.4 
26 125.0 239.5 
7 151.2 239.4 
8 165.0 239.4 


The value finally adopted was U = 239.4 when N = 14.04. 
The weights of UO, obtained are not published in the paper, so 
that the accuracy of the work cannot well be estimated. Data of 
this kind, which cannot be recomputed by the reader, are of very 
little value. It is to be hoped that the paper is only a preliminary 
statement, and that the full details of the research will appear 
later. P 

LANTHANUM. 

Brauner and Pavlicek,’ in determining the atomic weight of 
lanthanum by synthesis of the sulphate from the oxide, find that 
the sulphate is always contaminated by Wyrouboff’s acid sul- 
phate to a notable extent. The latter salt is so stable that even 
at 500° some of it remains undecomposed, while another portion 


1 Compt. rend., 132, 551; also, more fully, in Ann. chim. phys., (7), 24, 418. 
2 Proc. Chem. Soc., 17, 63. 
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of sulphate in the same crucible may have been reduced to a 
basic compound. Hence all ‘‘equivalent’’ determinations of rare 
earths hitherto made by the sulphate method are vitiated by this 
error. Applying, by actual measurement, the necessary correc- 
tion for excess of acid, and also correcting for the absorption of 
hygroscopic moisture by lanthanum sulphate, the authors find 
for the atomic weight of the metal in the most positive fraction 
of their material, the value La= 139.0. Ordinary lanthanum, 
however, the authors regard as a complex of this true lanthanum 
with another earth metal. 
PRASEODYMIUM. 


Brauner' determines the atomic weight of this metal by four 
methods. First, by analysis of the anhydrous sulphate, whence 
Pr= 140.95. Second by the analysis of the oxalate, whence 
Pr= 140.95. Third, by synthesis of the sulphate from the 
oxide, which gave Pr = 140.78. Fourth, a series like the third, 
but with corrections for the presence of acid sulphate and hygro- 
scopic moisture, gave Pr = 140.93. The mean result adopted is 
Pr = 140.94. Detailed weighings are not given. An ebullio- 
scopic determination of the molecular weight of praseodymium 
chloride confirmed the foregoing value. 

NEODYMIUM. 

Also determined by Brauner’ by means of the sulphate method. 
Result, corrected for the presence of acid sulphate, Nd = 143.80. 
THORIUM. 

By the hydrolysis of thorium oxalate Brauner’ claims to have 
decomposed commercial thoria into two earths which he calls 
Th,and Ths. For thorium alpha the atomic weight determina- 
tions by the oxalate method gave 233.5, and by the sulphate 
method 233.3 to 233.7. The most negative fractions of his 
material, the thorium beta, first gave the value 232.5, which, 
by further purification, was reduced to 232 and 231.9. By 
continued fractionation an oxide was obtained, giving an atomic 
weight of Thg= 220. This decrease was accompanied by a 
reduction in the density of the oxide from 10.2 to 9.6. The 
complex nature of the thorium heretofore known may therefore 
be regarded as proved. 


1 Proc. Chem. Soc., 17, 65. 
2 Jbid., 17, 66. 
3 Jbid ., 17, 68. 
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Similar results to those announced by Brauner, were independ- 
ently and almost simultaneously obtained by Baskerville." Oxides 
were prepared, ranging in specific gravity from 8.47 to 11.26, the 
most definite or real thorium oxide giving values from 9.188 to 
9.253. The lowest figures represent an oxide which occurs in 
small amount in ordinary thoria, the higher to a new earth. The 
purest thorium compound prepared was a tetrachloride, upon 
which atomic weight determinations were made, ThO, and chlo- 
rine being both estimated. Two determinations gave Th == 223.2 
and 223.3, or about ten units below the accepted figures. In 
another sample the value 222.13 was found. To the unknown 
contamination, which raises the atomic weight of the metal and 
increases the density of the oxide, an atomic weight of from 260 
to 280 must be attributed. This element Baskerville proposes to 
name carolinium. His paper is confessedly a preliminary com- 
munication, and further investigation is in progress. Since his 
methods of research differ from those of Brauner, the conver- 
gence of the results is all the more suggestive. . 


OLDER DATA. 


In Bolton’s ‘‘ Index to Academic Dissertations,’’ published by 
the Smithsonian Institution, I find the titles of four Russian theses 
which seem to have escaped the attention of all other writers on 
atomic weights. Of their value I can say nothing, but as they 
form part of the literature of the subject I reproduce the titles 
(as translated in Bolton’s work) here. ; 

Dobrovolsky, V. ‘‘Contributions to the Chemistry of Boron and 
Its Compounds. 1. The Atomic Weight of Boron.’’ Kiev, 1869. 

Einbrodt, Paul. ‘‘On the Atomic Weight of Nitrogen.’’ 
Kharkov, 1840. 

Struve, H. ‘‘Dissertation on the Determination of the Atomic 
Weight of Some Elements.’’ St. Petersburg, 1850. 

Viluef, V. ‘‘Dissertation on the Atomic Weight of Bismuth.’’ 
St. Petersburg, 1849. 

It is to be hoped that some scholar, having access to Russian 
literature, may prepare abstracts of these documents, and thereby 
make the data which are contained in them available for general 


use. 
1 This Journal, 23, 761. 
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THE STANDARD OF ATOMIC WEIGHTS. 


Over this question, controversy still continues. Theinternational 
committee of the German Chemical Society publishes its table for 
1901 according to both standards; first with O=16, and then 
in response to a demand from teachers giving a ‘‘didactic table’ 
based upon H=1. __ Both tables are given in this report, at the 
end. In their third general report’ the same committee publish 
many letters from individual chemists, the final outcome from 
all sources being 106 voices in favor of H — 1, and 78 for O= 16. 
This preponderance is offset by the fact that five societies ex- 
pressed their views as societies, four for O = 16, and only one for 
the hydrogen basis. The committee, therefore, continues to rec- 
ommend the oxygen standard. The members of the Verein 
deutscher Chemiker who protested against the oxygen standard, 
also publish the results of their canvass among the teachers of 
chemistry in German-speaking countries’, and give the names of 
the respondents. 104 favored the hydrogen unit ; 19 preferred the 
oxygen standard. Erdman’ has printed a table of atomic weights 
with H=1, which is in most points identical with that of your 
committee, only it is carried out uniformly to two decimal places. 
The two values in which it varies essentially from ours is in 
Co = 58.80, or about } unit higher, and in Pd = 106 or ;% lower. 


In favor of the oxygen standard there is a paper by Richards,‘ 
and the incidental remarks by Sakurai’ in his essay upon ‘‘Some 
Points in Chemical Education.’’ There is also, on the hydrogen 
side of the discussion, an elaborate article by Gliicksmann.°® 


Still another standard of values has been proposed by Hinrichs,’ 
who takes as the experimental basis of his system the atomic 
weight of ‘‘carbon-diamond’’ as 12 exactly. He seeks to show 
that all true atomic weights are multiples of the half-unit of 
hydrogen, but his method of discussion is more polemical than 
scientific. He reiterates his well-known objections to the work of 


1 Ber. d. chem. Ges., 34, 4358. 

2 Zischr. angew. Chem., February 19, 1901. 

8 Jbid., August 20, Igor. 

4 Zischr. anorg. Chem., 28, 355. 

5 Read before the Chemical Section of the British Association, 1¢o1. Separately 
printed. 

6 Zischr. des. allgem. ésterr. Apotheker-Vereins, Nos. 23, 24, 25, 26, 1901. 

7 “The Absolute Atomic Weights of the Chemical Elements, etc.’ Published at 
St. Louis, Mo., 1901. 
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Stas and the ‘‘Stasians,’’ and denounces the conclusions of these 
men as ‘‘false and fraudulent.’’ 


MISCELLANEOUS NOTES. 

Benoist,' studying the ‘‘specific opacity’’ of substances with 
regard to the X-rays, finds that for the elements this property is 
a definite function of the atomic weight. Applying this principle 
to certain compounds of indium he shows that the atomic weight 
of that element must be 113.4 rather than 75.6. That is, the 
classification of indium as trivalent and not asa dyad is confirmed. 

Chabrié and Rengade’ reach the same conclusion from an 
ebullioscopic determination of the molecular weight of indium 
acetylacetonate. 

In the report of this committee for 1900, Demarcgay’s work on 
the atomic weight of samarium was cited. He then found the 
oxide hitherto studied to have been contaminated with another 
earth of higher atomic weight. Continuing the investigation he 
has isolated this earth,*”’ which corresponds to a new metal of 
atomic weight 151. To this metal he gives the name Europium. 

G. and E. Urbain,* by a prolonged fractionation of the yttria 
groups, have obtained yttria and ytterbia in a high degree of 
purity. The atomic weights of the two metals are given, without 


details, as 
Vt = 983%. 
Yb = 172.6. 

These values are presumably based upon O = 16. 

A new earth, resembling and associated with zirconia, has been 
separated by Hofmann and Prandtl’ from euxenite. They assume 
that the metal is a tetrad, and determine its atomic weight from 
two analyses of separate fractions of the sulphate. 


Weight of sulphate. Weight of oxide. Atomic weight. 
0.2176 0.1234 177.6 
0.1170 0.0664 177.9 


These data are only preliminary, and further investigation is 


promised. 
Strutt® has applied the calculus of probabilities to the tendency 


1 Compt. rend., 132, 772. See also pages 324, 545. 
2 Ibid., 132, 472. 

8 Jbid., 132, 1484. 

4 Ibid., 132, 136. 

5 Ber. d. chem. Ges., 34, 1064. 

8 Phil. Mag.., (6), 1, 311. 
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exhibited by atomic weights to approximate whole numbers. No 
atomic weight can vary from a whole number by more than 0.5. 
Taking the eight elements Br, C, Cl, H, N, K, Na, and S, and 
assuming O = 16, the sum of the eight deviations from whole 
_ numbers is only 0.809. The probability that this sum should 
not be larger, is represented by about one chance in one thousand. 
Hence the atomic weights tend toapproximate the whole numbers 
to a greater extent than can be accounted for by accident. As 
Strutt puts the case—‘‘We have stronger reasons for believing 
in the truth of some modification of Prout’s law than in that of 
many historical events which are universally accepted as unques- 
tionable.’’ A similar discussion, applied to eighteen elements, was 
once put forth by Mallet, but the mathematical treatment was 
not the same. There is also a short paper on the same subject 
by Rudolphi.’ 
TABLE OF ATOMIC WEIGHTS. 

The following table of atomic weights is somewhat differently 
arranged from that of a year ago. First your committee gives 
its own list, followed by that of the German Chemical Society on 
the basis of H=1. Then come the three columns, Clarke, 
Richards,’ and the German,’ on the standard of O = 16. 

In the light of the foregoing report, some of the values given 
in the table must be regarded as doubtful. Demarcgay’s work on 
samarium, Baskerville’s and Brauner’s on thorium, and Brauner’s 
upon the other rare earth metals should be taken into account. 
All of this work, however, needs to be carried further and 
published more fully before the table should be correspondingly 
chatiged. ‘The magnitude of the necessary changes is as yet too 
uncertain. In the case of thorium, the atomic weight given 
relates to that mixture of earths which has hitherto been called 
thoria, and which we actually meet in analytical operations. 





H=1. O = 16. 
Clarke. German. Clarke. Richards. German. 
Aluminum ........ 26.9 26.9 ra 27.1 27.1 
Antimony. .-..---1I9.5 TIg.1 120.4 120.0 120. 
ATQZOMN -eeeeeseeeee 39.6 39.6 39.96 39.92 39.9 
Arsenic .-.-.ee eee 74.45 74.4 75.0 75.0 75. 
BAP 6000 dace ce. 136.4 136.4 137.40 137.43 137.4 


' Chem, Zeitung, 2§, 1133. 
2 Proceedings American Academy, April, 1901. 
% Accompanying No. 1 of the Berichie for 1901, as an extra insertion. 
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H=1. oO = 16, 
Clarke German. Clarke. Richards. German, 

Bismuth .......... 206.5 206.9 208. I 208. 208.5 
WOON « 6c 0cne cocces 10.9 10.9 II.o II.o Er. 
Bromine .....++.-++ 79.35 79.36 79-95 79-955 79.96 
Cadmium .......-- III.55 111.6 112.4 112.3 112.4 
Caesium ........+- 131.9 132. 132.9 132.9 33. 
Calcium .........- 39.8 39-7 40.1 40.1 40. 
Carbon .......+.-. II.9 II.gI 12.0 12.001 12.00 
Cerium .....20.00- 138.0 139. 139.0 140. 140. 
Chlorine ...... 35.18 35.18 35-45 35-455 35-45 
Chromium ........ 51.7 51.7 52.1 52.14 52.1 
Cobalt ....+.+-+00- 58.55 58.56 59.00 59.00 59. 
Columbium ....... 93-0 93-3 93-7 94. 94. 
Copper .....-...+- 63.1 63.1 63.60 63.60 63.6 
Erbium ......2.00- 164.7 164.8 166.0 166. 166. 
Fluorine ........-- 18.9 18.9 19.05 19.05 19. 
Gadolinium ....... 155-2 155- 156.4 156. ? 156. 
Gallium .......+.+. 69.5 69.5 70.0 70.0 70. 
Germanium ......- 71.9 73.5 72.5 72.5 32: 
Glucinum........-. 9.0 9.03, 9.1 9.1 9.1 
KERN TS sisicinyslayos esas 195.7 195.7 197.2 197.3 197.2 
Helium ..........- 3-93 4.0 3.96 3.96 4. 
Hydrogen.......-- 1.000 1.00 1.008 1.0075 1.01 
Indium ........... 113.1 113.1 114.0 II4. 114. 
Iodine ......--eee- 125.89 125.90 126.85 126.85 126.85 
Iridium ......ces. 191.7 191.5 193.1 193.0 193. 
EGOS <2 oo saesvee 55-5 55-6 55-9 55-9 56. 
Krypton .......+-- 81.15 81.2 81.76 81.7 81.8 
Lanthanum ......- 137.6 137. 138.6 138.5 138. 
TG os sone os esce sate 205.36 205.35 206.92 206.92 206.9 
Patient osc cns s 53 6.97 6.98 7.03 7.03 7.03 
Magnesium ...... 24.1 24.18 24.3 24.36 24.36 
Manganese......-- 54.6 54.6 55.0 55-02 55- 
Mercury ......-++- 198.50 198.8 200.0 200.0 200.3 
Molybdenum...... 95-3 95-3 96.0 96.0 96. 
Neodymium .... .142.5 142.5 143. 143.6 143. 
INGON <6<20 e550 se00 19.8 19.9 19.94 19.94 20. 
Nickel......-eeee. 58.25 58.3 58.70 58.70 58.7 
Nitrogen ........- 13.93 13.93 14.04 14.04 14.04 
Osmium .....+ +00. 189.6 189.6 191.0 190.8 IgI. 
Oxygen. ..-eeeeeee 15.88 15.88 16.000 16,000 16.00 
Palladium ........ 106.2 105.2 107.0 106.5 106. 
Phosphorus .....-- 30.75 30.77 31.0 31.0 31.0 
Platinum ......... 193.4 193.3 194.9 195.2 194.8 
Potassium .......- 38.82 38.86 39-11 39-14 39-15 
Praseodymium ....139.4 139.4 140.5 140.5 140.5 
Rhodium ........+102.2 102.2 103.0 103.0 103.0 
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H = I. O = 16. 

‘Clarke. German. Clarke. Richards. German. 
Rubidium........- 84.75 84.76 85.4 85.44 85.4 
Ruthenium ....... 100.9 100.9 IOI.7 101.7 101.7 
Samarium........- 149.2? 148.9 150.3? 150. 150. 
Scandium .-...... 43.8 43.8 44.1 44. 44.1 
Selenium ......... 78.6 78.5 79.2 79.2 79.1 
SIN CON vin <se concen 28.2 28.2 28.4 28.4 28.4 
DUGG... dcccdc vende 107.11 107.12 107.92 107.93 107.93 
Sodium .... ...... 22.88 22.88 23.05 23.05 23.05 
Strortiletets.«:<62:<0.0: 86.95 86.94 87.60 87.68 87.6 
Sulphur .........- 31.83 31.83 32.07 32.065 32.06 
Tantalum ........- 181.5 181.6 182.8 183. 183. 
Tellurium......... 126.1 126. 127.7 127.5? 127. 
Terbium ...-.. ses 158.8 Jie 160. 160. 
Thallium:...< ss... 202.61 202.6 204.15 204.15 204.1 
Thorium ........+. 230.8? 230.8 232.6? 233. 232.5 
Thulium ......+.0 169.4 170. 170.7 171. ? E7¥. 
WU Sse. orint seen 118.1 117.6 119.0 119.0 118.5 
Titanium ......... 47.8 47.7 48.15 48.17 48.1 
Tungsten ......... 182.6 182.6 184. 184. 184. 
Uranium .......... 237.8 237-7 239.6 238.5) 239.5 
Vanadium .....--- 51.0 50.8 51.4 51.4 51.2 
ENON oc cccccece 127. 127. 128.0 128, 128. 
Ytterbium ........ 171.9 172. 173.2 E93; 173: 
Vttrium.........-- 88.3 88.3 89.0 89.0 89. 
oO AIOE T 64.9 64.9 65.4 65.40 65.4 
Zirconium .......- 89.7 90.0 90.4 90.6 90.7 





METALLIC SOAPS FROM LINSEED OIL. AN INVESTIGA- 
TION OF THEIR SOLUBILITIES IN CERTAIN 
OF THE HYDROCARBONS. 


By HERMANN T. VULTE AND HARRIET WINPIELD GIBSON. 
Received October 19, 1901. 


N the analysis of mixed paints, two of the most important 
| points to be determined are the nature and the amount of the 
drying agent contained therein, since upon the quality of the 
drier present the value of the paint is largely conditioned. In 
modern practice, the driers used are almost invariably either the 
manganese or the lead soaps of linseed oil (so-called linoleates) 
or they are the resinates of the same metals, or they may be any 
mixture of these salts. The investigation of paint driers, there- 
fore, resolves itself into a determination of the four salts men- 
tioned. ‘The method ordinarily pursued has been to separate the 

1 From unpublished determinations by Richards and Merigold. 
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base and the drier from the pigment by means of petroleum 
ether, the ethereal solution being then transferred to a tightly 
corked Erlenmeyer flask, and allowed tostand for from twelve to 
twenty-four hours. A somewhat gummy sediment, white to 
yellow in color and more or less adherent to the sides of the flask, 
is deposited. The sediment is then separated from the ethereal 
solution, and carefully washed by decantation with a further 
quantity of the petroleum ether. As, upon analysis, this sedi- 
ment may be shown to consist mainly of the lead soap of linseed 
. oil, together with some manganese soap, it has been assumed that 
a complete separation of the drier took place at this point and it 
was, therefore, believed that this method could be used in deter- 
mining the character and amount of the drier. Upon further 
trial this method has proved far from satisfactory and various 
hydrocarbons, ranging from petroleum ether to benzine, have 
been suggested as a substitute for the solvent employed. None of 
these substitutes has been found to effect a perfect separation of 
the drier, although a distinct difference in solvent action has 
been observed. For example, the lead salts precipitate most 
quickly from petroleum ether and least from benzine, while the 
manganese salts are, in comparison, but slightly affected by either, 
except on long standing. 

Since, then, a perfect separation of the drier from the base 
cannot be effected by any known solvent, it has been thought ad- 
visable to study the behavior of various metallic salts of linseed 
oil with different hydrocarbon solvents, and to determine the 
percentages of solubility at the end of stated and uniform periods. 
The work has been extended to cover the linseed oil soaps of most 
of the common metals, and the results of the investigation are 
given in the following paper. 

The sodium soap of linseed oil was first prepared, great care 
being taken to effect complete saponification. The soap was 
curded out by excess lye, the use of salt being avoided. It was 
then washed free of impurities as far as possible, framed and al- 
lowed to stand until perfectly hard and dry. The soap thus 
formed was light brown in color, and had a pronounced odor of 
linseed. With water it formed a golden yellow solution and af- 
forded an abundant lather. 

A table follows, giving the petroleum solvents used, together 
with their boiling-points and specific gravities : 
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Boiling-point. Sp. gr. at 15°C. 


Petreileiiiy CONOEé o5css cccddtevcsedoevees 35°-55° 0.639 
Benzine... cee ccccescecccsccvccescccs e+ 55°-75° 0.702 
Benzine..-- scccceccccce seccccce sevsccce 75°-85° 0.695 
Naphtha ..-...-eecee cc eceeccceenceceeee 59° 0.741 
Naphtha ..+.--seeeeeeceeeeccececeevecce 62° 0.732 
ee OPPO ALE ree er ee ee qi° 0.698 
RARER ics ain cialis a te.cebeseeeeren edad v7 ug 0.699 
Turpentine Cdiece ce y.drad etarecdwin dee aate daa atae ea Pee 0.855 


In the preparation of the various metallic soaps whose solubility 
it was desired to test, a water solution of the sodium soap was 
first carefully cooled to 20° C. or below. This is essential, as many 
of the metallic soaps examined have a very low melting-point. A 
soluble salt of the meta] in question, exhibiting its lower valency 
if possible, was then selected, and a solution of this salt slowly 
added to the soap solution until precipitation ceased. The me- 
tallic soap was then washed by decantation with distilled air-free 
water, carefully dried, an excess amount added to each solvent, 
and the solutions allowed to stand in the dark. At the expiration 
of one hour, twenty-four hours, and forty-eight hours, 10 cc. of 
the clear solution were carefully evaporated in a tared watch-glass 
over a water-bath and the gain in weight recorded as dissolved 
matter. From this, the actual percentages of solubility were cal- 
culated and the results obtained, together with any peculiarities 
of the different salts, will be found in the annexed tables. It was 
thought well to first classify the metals into groups according 
to the ordinary method pursued for qualitative analysis, and 
then to give a résumé of the properties developed by each salt. 
For purposes of comparison, their solubility in turpentine, under 
the same conditions, is also given in these tables: 


TABLES GIVING THE AMOUNT OF DISSOLVED MATTER IN THE 
VARIOUS SOLVENTS. 


Group ONE. 


Lead. 

35°-55°.  §5°-75°. 75°-85°. 59°. 62°, 71°, 74°. Turps. 
gms. 0.0385 0.0276 0.0477 0.0309 0.0276 0.0296 0.0405 0.2494 
p.ct. 0.602 0.393 0.686 0.417 0.377 0.424 0.579 2.917 
gms. 0.0381 0.0277 0.0479 0.0318 0.0278 0.0286 0.0413 0.2490 
24 hrs. 

p. ct. 0.598 0.394 0.689 0.428 0.379 0.409 0.591 2.912 
gms. 0.0376 0.0277 0.0471 0.0328 0.0273 0.0277 0.0420 0.2510 


8 hrs. 
ome p. ct. 0.590 0.394 0.678 0.443 0.373 0.398 0.601 2.935 
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Group Two. 


Mercury. 
35°-55°.  55°-75°. 75°-85°. 59°. 62°. 71. 74°. Turps. 
gms. 0.0138 0.0057 0.0085 0.0041 0.0067 0.0027 0.0093 0.1692 
p.ct. 0.216 0.081 0,122 0,055 0.091 0.039 9.133 1.979 
gms. 0.0376 0.0475 0.0356 0.0155 0.0359 0.0147 0.0542 0.2544 
p.ct. 0.588 0.677 0.512 0.209 0.490 0.211 0.776 2.975 
0.0500 0.0782 0.0672 0.0552 0.0435 0.0384 0.0899 0.4593 


I hr. 


24 hrs. 


gms. 
ain: p.ct. 0.782 1.114 0.967 0.745 0.594 0.550 1.286 5.372 
Copper. 
35°-55°-  55°-75°. 75°-85°. 59° 62°. gic 74°. Turps. 


gms. 0.0285 0.0257 0.0145 0.0087 0.0124 0.1135 0.0609 0.1238 
p.ct. 0.449 0.336 0.209 0.117 0.169 1.626 0.871 1.448 
gms. 0.2516 0.3652 0.0962 O.II5I 0.1094 0.1213 0.1032 0.4847 
p.ct. 3.962 5.202 1.384 1.553 1.494 1.738 1.476 5.669 
gms. 0.2534 0.4173 0.0977 0.1822 0.1172 0.1414 0.1886 0.6625 
p. ct. 3.992 5.944 1.406 2.459 1.601 2.026 2.698 7.748 


I hr. 
24 hrs. 
48 hrs. 


Group THREE. 


Tin. 
35°-55°. 55°-75°. 75°-85°. 59° 62°. 71°. 74°. Turps. 
gms. 0.0435 0.0776 0.0926 0,0600 0.0804 0.0928 0.1216 0.2401 
p.ct. 0.681 1.105 1.332 0.809 1,098 1.329 1.739 2.808 
gms. 0.0520 0.0780 0.0921 0,0626 0.0867 0.0935 0.1322 0.2408 
p.ct. 0.801 1.11 1.325 0.844 1.184 1.339 1.891 2.816 
gms. 0.0601 0.0787 0.0922 0.0661 0.0885 0.0933 0.1389 0.2352 


Tut. 


24hrs. 


48 hrs. p.ct. 0.940 1.121 1.326 0.892 1.209 1.336 1.987 2.751 
Antimony. 
35°-55°. 55°-75°. 75°-85°. 59°. 62° 70°. +. Te 


gms. 0.0766 0.0877 0.0897 0.0703 0.1069 0.0785 0.0608 0.3496 
p.ct. 1.198 1.249 1.291 0.948 1.462 1.124 0.869 4.088 
gms. 0.1051 0.0965 0.0974 0.0702 0.1088 0.0814 0.0698 0.3446 
p.ct. 1.631 1.374 1.401 0.947 1.486 1.166 0.998 4.023 
48hrs gms. 0.1306 0.1155 0.1041 0.0742 0.1104 0.0903 0.0746 0.3432 

*p.ct. 2.043 1.645 1.498 1.001 1.508 1.294 1.067 4.014 


1: hy. 


24 hrs. 


GRovuP Four. 


Iron. 

35°-55°- 55°-75°. 75°-85°. 59°, 62°. 71°. 74°. Turps. 
gms. 0.1887 0.2570 0.2589 0.2878 0.2635 0.2087 0.1873 0.6103 
p.ct. 2.953 3.661 3.725 3.884 3.599 2.989 2.679 7.138 
gms. 0.3105 0.2985 0.3139 0.3287 0.2840 0.1999 0.1897 0.6424 
p.ct. 4.859 4.252 4.516 4.436 3.878 2.864 2.711 7.513 
gms. 0.2484 0.2251 0.2483 0.2895 0.2130 0.1535 0.I5II 0.6424 
p. ct. 3.887 3.206 3.572 3.907 2.909 2.199 2,165 * 7:§%3 


1 hr. 
24 hrs. 


48 hrs. 











vz hr. 


24 hrs. 


48 hrs. 


st hr. 


24 hrs. 


.48 hrs. 


‘rt hr. 


24 hrs. 


48 hrs. 


24 hrs. 


48 hrs. 


24 hrs. 


48 hrs. 


gms. 
p. ct. 
gms. 
p. ict. 
gms. 
p. ct. 


gms. 
p. ct. 
gms. 
p. et. 
gms. 
Dp. Ct. 


gms. 
p. ct. 
gms. 
p. ct. 
gms, 
p. ct. 


gms. 
p. ct. 
gms. 
p. ct. 
gms. 
p. ct. 


gms. 
p. ct. 
gms, 
p. ct. 
gms. 
p. ct. 
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35°-55°. 


0.0455 
0.712 
0.0473 
0.740 
0.0520 
0.814 


35°-55°. 


0.0045 
0.070 
0.0422 
0.660 
0.0940 
1.471 


35°-55°: 
0.1094 
1.709 
0.1933 
3.025 
0.1856 
2.904 


35°-55°- 
0.0172 
0.269 
0.0204 
0.319 
0.0262 
0.410 


35°-55°: 
0.2280 
3.568 
0.2425 
3-795 
0.0480 
0.751 


55°-75°. 


0.0539 
0.768 
0.0646 
0.920 
0.0459 
0.654 


55°75". 
0.0033 
0.047 
0.0610 
0.868 
0.1038 


1.479 


55°-75°- 
0.1255 
1.788 
0.1751 
2.494 
0.1703 
2.425 


55°-75°. 
0.0185 
0.263 
0.0195 
0.278 
0.0181 
0.257 


55°-75°: 
0.0998 


1.421 


0.0990 


1.410 
0.0276 
0.393 


Chromium. 
75°-85°. 59°. 
0.0645 0.0620 
0.928 0.837 
0.0598 0.0902 
0.860 1.217 
0.050I 0.0571 
0.721 90.772 


Aluminum. 
75°-85°. 59°. 
0.0025 0.0022 
0.036 0.029 
0.0439 0.0199 
0.632 0.268 
0.0763 0.0457 
1.097 0.617 


Group FIVE. 


Nickel. 
75°-85°. 59°. 
0.1282 0.0785 
1.845 1.059 
0.1874 0.1584 
2.696 2.138 
0.1807 0.1583 
2.600 2.136 


Cobalt. 
75°-85°. 59°. 
0.0201 0.0143 
0.289 0.193 
0.0209 0.0265 
0.301 0.358 
0.0210 0.0343 
0.302 0.463 


Manganese. 
75-85’. 59°. 
0.0896 0.0721 
1.289 0.973 
0.0840 0.0899 
1.208 1.213 
0.0461 0.0282 
0.663 0.381 


62°. 
0.0579 
0.791 
0.0729 
0.992 
0.0551 
0.753 


62°. 
0.0097 
0.132 
0.0378 
0.516 
0.0570 
0.779 


62°. 
0.0851 
1.162 
0.1046 
1.429 
0.0559 
0.763 


62°. 
0.0176 
0.243 
0.0270 
0.369 
0.0386 
0.527 


62°. 
0.0702 
0.959 
0.0816 
1.115 
0.0281 
0.384 


71°. 
0.0595 
0.852 
0.0579 
0.829 
0.0497 
0.712 


7, 
0.0067 
0.096 
0.0514 
0.736 
0.0718 
1.029 


ri 
0.104 
1.501 
0.1277 
1.829 
0.0632 
0.90§ 


qt. 
0.0140 
0.200 
0.0250 
0.358 
0.0390 
0.558 


71°. 
0.0673 
0.964 
0.0854 
1.223 
0.0288 


0.414 


74°. 
0.0592 
0.847 
0.0597 
0.854 
0.0485 
0.694 


74°. 
0.0036 
0.052 
0.0351 
0.502 
0.0509 
0.728 


74°. 
0.1127 
1.612 
0.1487 
2.127 
0.0873 


1.249 


74°. 
0.0082 
0.116 
0.0157 
0.225 
0.0271 
0.388 


74°. 
0.1077 
1.541 
0.0945 
1.352 
0.0403 
0.576 
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Turps. 
0.2293 
2.682 
0.3822 
4.470 
0.3853 
4.506 


Turps. 
0.1796 
2.101 
0.1898 
2.219 
0.1941 
2.270 


Turps. 
0.2306 
2.697 
0.3769 
4.408 
0.3345 
3.912 


Turps. 
0.3742 
4.376 
0.2997 
3-595 
0.3611 
4.223 


Turps, 
0.1827 
2.137 
0.2098 
2.454 
0.2749 
3.215 





iH 
f 
he 
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Zine. 

$5°55'- S875!) 75-85 59°. 62°. 70. 74°. = Turps, 
hr, 81S: 0.0254 0.0492 0.0420 0.0310 0.0187 0.0424 0.0360 0.1870 
p. ct. 0.397. 0.701 0.604 0.418 0.255 0.607 0.515 2.187 
gms. 0.0536 0.0792 0.0865 0.0674 0.0640 0.0719 0.0706 0.2530 
p. ct. 0.838 1.128 1.245 0.909 0.874 1.031 1.010 2.959 
gms. 0.0606 0.0715 0.0903 0.0649 0.0663 0.0846 0.0853 0.2946 
p.ct. 0.948 1.018 1.299 0.876 0.905 1.212 1.220 3.445 


1 
24 hrs. 
48 hrs. 


GROUP SIx. 


Barium 
35°-55°»  55°-75".  75°-85". 59°. 62°. 7. 74°.  Turps, 
gms. 0.0066 0.0022 0.0015 0.003I 0.0072 0.0017 0.0007 0.1228 
p. ct. 0.103 0.031 0.02I 0.042 0.098 0.024 0.001 1.436 
gms. 0.0062 0.0040 0.0013 0.0024 0.0143 0.003I 0.0027 0.1301 
p.ct. 0.097 0.057 0.019 0.032 0.195 0.044 0.039 1.522 


1 hr.” 


24 hrs. 


Calcium} 
35°-55°. 55-75". 75°-85°. 59°. 62°. 7. 74°. Turps. 
gms. 0.0154 0.0051 0.0053 0.00II 0.0109 0.0133 0.0045 0.1022 
p.ct. 0.241 0.072 0.076 0.015 0.149 0.191 0.064 1.195 
gms. 0.0120 0.0064 0.0049 0.0009 0.0098 0.0127 0.0042 0.1274 
p. ct. 0.188 0.091 0.070 0.012 0.134 0.182 0.064 1.490 


shir. 


24 hrs. 


CONCLUSION. 


A comparison of the figures given in the foregoing tables dis- 
closes the fact that certain of these metallic soaps, namely, those 
made of lead, nickel, iron and manganese, show marked individ- 
uality, the characteristics of each not being repeated by any other 
soap. 

1. The lead soap goes almost completely out of solution from 
all the petroleum solvents in less than one hour. 

2. The nickel soap, while eventually affording a nearly com- 
plete separation, remains in solution for several days. 

3. The iron soap, while giving a permanent solution of stead- 
ily increasing weight (due to oxidation), is an excellent drier on 
the application of slight heat. 

4. The manganese soap is unique in its drying properties. 

As thus far conducted, the foregoing investigation discloses 
the following facts : 

1. The percentage of separation of the metallic soaps of lin- 
seed oil from their solutions in the hydrocarbon solvents is vari- 


1 The percentage of dissolved matter was so small in the cases of barium and calcium 
that the investigation was dropped at the expiration of twenty-four hours. * 
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RksuME OF ACTION OF PETROLEUM SOLVENTS ON METALLIC SOAPS OF LINSEED OIL. 


Character of soap. 
White; granular; oxidizes to 
yellow. 
White; curdy. 
Pale green; curdy; oxidizes 
to deep green. 


oo. Sas 


II Mercury ..... 
Copper ...... 


III Tin........-. Yellow-white; scanty; granu- 
lar to slimy. 
Yellow-white; plentiful; soft; 


Antimony ... 
granular. 


IV Iron......... Gray-green; oxidizes to red- 
brown very quickly. 
Chromium -.. Purplish gray; oxidizes to 
purplish green. 
Aluminum -.. White; granular; oxidizes to 
yellow. 
V Nickel ...... Apple-green; granular. 


Cobalt....... Purplish red; granular. 
Manganese -. Brownish; curdy; rapidly 

oxidizes to dark brown. 
Zinc.....--.. White; curdy. 


VI Barium ...... White; curdy. 
Calcium ..... White; curdy. 


Boiling-point of most 


Residue from evaporation. 
Colorless; hard lacquer. 


Soft; colorless. 
Bright green lacquer; 
rather soft. 


Oily smear. 
Oily smear. 


Mahogany lacquer; rath- 
er soft. 

Bright green lacquer; 
quite hard. 

Hard colorless lacquer. 


Pale green lacquer. 
Soft; reddish. 

Brown lacquer; hard. 
Oily smear. 


Oily smear. 
Oily smear, 


active solvent. Permanence of solution. 


35°-55°- Nearly complete separa- 
tion in 1 hour. 
74°. Gain in weight all solvents. 
55°-75°- Gain in weight all solvents; 
nearly constant after 24 
hours. 
va", Nearly constant weight. 
62°. Nearly constant weight. 
35°-55°. Maximum at 24 hours; 
loss slight. 
59°. Slight loss after 24 hours. 
55°-75°. Gain in weight all sol- 
vents. 
35°-55°. Permanent several days; 
then nearly complete 
separation. 


62°(sol’n slight.) Sol’n and sep’n slight. 


35°-55°. Maximum at 24 hours; paz- 
tial sep’n at 48 hours. 
75°-85°. Uniform after 24 hours, 


Very slight solubility. 
Very slight solubility. 











222 Cc. W. VOLNEY. 


able, differing with the nature of the solvent and the character~ 
of the linoleate. 

2. Each metallic soap affords a maximum percentage of solu- 
bility in some special hydrocarbon and, therefore, no one hydro- 
carbon solvent can be commended for all metals. 

3. The time at which the maximum separation takes place is. 
also variable, differing with the metal employed. 

It is, therefore, evident that a knowledge of the behavior of 
each soap with the different solvents is essential to the general 
analysis of driers and it is with the hope of contributing to this. 
knowledge that the present paper is submitted. 





ON THE DECOPIPOSITION OF SODIUM NITRATE BY SUL- 
PHURIC ACID. PART III. 


By C, W. VOLNEY. 
Received November 11, 1901. 
ROM results of previously reported work, the author concluded” 
that the action of sulphuric acid on sodium nitrate takes 
place in two distinct phases, expressed by : 


2NaNO, + 2H,SO, = NaNO, + NaH,2SO, + HNO,.--. I 
NaH,2SO, + NaNO, = 2NaHSO, + HNO, ..--+sseeeees II 


and that these two phases of the process are marked by distinctly 
different temperatures. 

To obtain direct evidence for these conclusions, I have 
extended the experimental part of the investigation by producing 
in the retorts for distillation the exact condition for each phase, 
by using the materials, as represented therein. 

For the first phase, 85 grams of dry sodium nitrate with 200 
grams of concentrated sulphuric acid were subjected to distilla- 
tion, according to I. The distillation was carried out in the 
manner and apparatus already described, which gave observations 
for the temperatures of applied heat, the retort contents and 
distilling acid. 

In the following are given the results of this distillation, as 
they were observed : 

1 This Journal, 23, 490. 
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Retort Distilled 


Time. Outside. content. acid. 
A.M. ‘e = " Remarks. 
No rise in temperature; heat ap- 
8 23 23 23 plied at 8:30; contents of retort 
dissolve to a clear liquid. 
9 go 25 
10 go 25 
10:12 118 74 oe 
10:15 123 81 50 Gas bubbles show in liquid. 
10:25 125.5 98 63 { — Seen to boil; 
10:35 122 104 70 
10:40 135 105 83 Foaming; distillation commences. 
10:47 144 107 86 Distils well; foaming; lessen fire. 
11:25 125 107 85 
113 109 85 
II2 107 60 Increase fire. 
11:30 147 109 82 Distils well. 
iquid in r ili ietly; 
135 _ 83 Les’ — boiling quietly; 
12:15 142 127 72 
{ Sulphates s in liquid i 
OE SE be 
P.M. 
I I7I 128 81 
1:30 176 128 81.5 Distils well. 
2 180 130 81.5 
3 178 132 81.5 Liquid quiet. 
3:40 180 136 80 No more gas escaping. 
4 180 131 72 Distillation ceases. 


The acid collected was of 1.517 sp. gr. at 18°-19° ; it was 
almost colorless and weighed 64.2 grams. 

The residue in the retort solidified, on cooling, to elongated 
prismatic crystals with rhombic base. It weighed 219 grams. 

The loss in the observation amounted therefore to 2.8 grams, 
and is evidently caused by escape of nitrous gases. 

An observation of the temperatures shows that the acid distils 
under these conditions, 7. ¢., when 2 molecules of sulphuric acid 
to 1 of nitrate are used, in the following manner : 

The minimum of applied heat was 123°, the maximum 180° ; 
160° may be considered an average; the temperatures of the salt 
in the retort are expressed by 81° and 140°, and may be given as 
100° in average, and the temperatures of the distilling acid vapors 
vary between 80° and go°, so that the boiling-point of the nitric 
acid produced is about 81.5°. 
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Under the conditions given, that is, by using two molecules of 
sulphuric acid to one molecule of nitrate, the decomposition of 
the latter can, therefore, be effected at about 100° and the acid 
distilled at 82°. 

The residue in the retorts corresponds with the trisulphate 
described before. It shows the same crystallization and com- 
position. But it can also be prepared by adding to dry sodium 
disulphate two molecules of concentrated sulphuric acid and 
melting it at 80°-90°, whereby a clear liquid is obtained which, 
on cooling, furnishes the crystals. The same crystals are pro- 
duced when dry sodium disulphate or monosulphate is dissolved 
in an excess of concentrated sulphuric acid at a temperature of 
g0°, when, on cooling, the formed trisulphate crystallizes from 
the liquid and may be obtained free from adhering sulphuric acid 
by filtration zz vacuo or acurrent of dry air. On a platinum 
filter they can be repeatedly washed with sulphuric acid without 
losing their crystalline shape or ‘luster, as long as access of mois- 
ture is prevented ; these observations may be readily performed 
in the apparatus already described.’ 

To preserve this salt, perfectly dry bottles must be used and 
the air excluded. This trisulphate gives 60.51 per cent. of 
normal sodium sulphate, and the salts from the residues in the 
retorts above described, gave an average from determinations of 
58 per cent., which compares with the theoretical percentage of 
60.56 sufficiently to agree with the theory of decomposition 
assumed by me. , 

I have prepared larger quantities of this polysulphate to be 
used in my investigation of the second phase of the process : 

NaH,.2SO, + NaNO, = 2(NaH.SO,) + HNO,. 

Accordingly, 218 grams of the trisulphate and 85 grams of 
sodium nitrate were treated in the retort in the manner already 
described, and the following table shows the results of distillation. 
When the two dry salts are brought in contact, no reaction takes 
place and no change of temperature is observed. 

On heating, no decomposition can be noticed until the ther- 
mometer in the retort indicates 155°, when some yellow vapors 
make their appearance. 

A distinct reaction is perceptible when the contents of the 
retort show 167°. 

1 This Journal, 23, 490. 
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Retort Distilled 


Time. Outside. content. acid. 
A.M. Ss . S: be Remarks. 
11 22 22 .- No reaction. 
12 22 22 .. No reaction. 
12:30 = . .- Heat applied to retort. 
P.M. 
I 155. 96 40 Slight yellow vapors. 
1:35 167 IIo 60 Reaction shows boiling. 
178 112 .- = bs agi " ‘ 
nten r iqui 
& os op [ns 
200 120 80 Commences to distil. 
2 210 121 85 Yellow acid distilling. 
225 122 85 Yellow acid distilling. 
230 127 90 Yellow acid distilling. 
2:30 240 125 95 Yellow acid distilling. 
260 127 98 Yellow acid distilling. 
265 140 109 Distilling rapidly. 
3 270 160 122 Distilling rapidly. 
3:30 270 167 120 Distilling rapidly. 
4 270 167 120 Distilling rapidly. 
4:10 280 168 119 Distillation lessens. 
4:30 280 168 107 Distillation lessens. 
5 280 167 69 Distillation ceases. 
6 278 168 60 Stop heating. 


The acid, resulting from this process, was yellow to red, showed 
a specific gravity of 1.526 at 21.10°, and weighed 52 grams. The 
residue in the retort solidified, on cooling, to a white crystalline 
mass and weighed 242.5 grams. 

By calcining 1.3 grams of this salt, 0.74 gram sodium sulphate 
was obtained ; loss, 0.56 gram. Considering this residual salt as 
NaHSO, (the disulphate), theory would require the neutral salt 
to be 0.77 gram, and the loss as suphuric acid to weigh 0.53 gram. 

It is safe to assume that at the temperature under which the 
distillation took place, the residue is NaHSO,, and that the re- 
action of sodium trisulphate on sodium nitrate is correctly ex- 
pressed by 

NaH,.2SO, + NaNO, = 2NaH,SO, + HNO,. 

The loss of 0.56 gram, representing 6 per cent., is caused by 
decomposed acid and is probably greater in acid, than it does 
appear, as the weight of the residue is, by 2.5 grams, greater 
than it should be. The observed temperatures show that the 
decomposition during the second phase of the process takes place 
under the application of outside heat indicated by 167°-280° ; 
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that the acid distils at 104°-122° from the contents of the retort 
having a temperature of 165°; and that the nitric acid, which is 
received during this phase, has been partly decomposed and 
forms the yellow- or red-colored acid. 

The conclusions drawn from the foregoing experimental work, 
may be expressed as follows : 

(1) At the common temperature, or below 20, neither con- 
centrated sulphuric acid nor the polysulphate act on sodium 
nitrate ; the reaction is, at least, so very slow, that during a con- 
tact of three to four days, only traces of free nitric acid can be 
observed. 

(2) At a higher temperature the nitrate is decomposed by 
sulphuric acid and the reaction is finished at temperatures below 
100°, free nitric acid and NaH,.2SO, resulting. 

(3) The trisulphate acts on the nitrate at temperatures over 
165°, products of the reaction being again free nitric acid and 
sodium bisulphate. 

(4) The nitric acid, resulting during this phase at the corre- 
sponding high temperature, is always decomposed ; its vapors, in 
distilling over, show a temperature of about 120°-123°, and this 
acid was formerly considered the second hydrate of nitric acid, 
(H,O),N,O, (the (HO),NO, of old). 

Under the conditions of the described experimental work, the 
water can be the result of decomposition only of nitric acid, and 
I have also shown that this can take place only during the 
second phase of the process. 

NEw YorK, September 29, I9go1. 





[CONTRIBUTION FROM THE HAVEMEYER LABORATORIES, COLUMBIA UNI" 
VERSITY. No. 60.] 


ON THE FERROCYANIDES OF CADMIUS1. 
By EDMUND H. MILLER. 


Received November 7, 1gor. 
T has already been shown' that the results obtained in titrating 
cadmium by potassium ferrocyanide in a neutral or slightly 
acid solution do not agree with any of the formulas given for the 
precipitate, while the values obtained in an ammoniacal solution 
agree very closely with the formula K,CdFe(CN),. 
The present work was undertaken to study the variation in 
composition under different conditions and, if possible, to assign 
1 Miller and Fisher: This Journal, Sept., 1900. 
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definite formulas to the precipitates so formed. To cover the 
ground as completely as possible, the following series of precipi- 
tates was made: 


A. Neutral solution, cadmium in excess. 

8. Neutral solution, ferrocyanide in excess. 

C. Acid with hydrochloric, 10 cc. (sp. gr. 1.20) per liter, cad- 
mium in excess. 

D. Acid with hydrochloric, 10 cc. (sp. gr. 1.20) per liter, 
ferrocyanide in excess. 

£. Acid with acetic, 10 cc. 50 per cent. acetic acid per liter, 
cadmium in excess. 

F. Acid with acetic, 10 cc. 50 per cent. acetic acid per liter, 
ferrocyanide in excess. 

G. Alkaline with ammonia,’ cadmium in excess. 

HT, Alkaline with ammonia,' ferrocyanide in excess. 


The precipitates were all formed in large beakers, in the cold 
and allowed to stand, then washed with water, water containing 
hydrochloric acid, water containing acetic acid, water and ammo- 
nia, respectively, so that the conditions of precipitation were 
maintained, then washed with water till free from excess of 
cadmium or of ferrocyanide. The work was begun in June, 1900, 
and the precipitates analyzed a year later. 

In general, whenever the cadmium was in excess the precipi- 
tates settled well, and when ferrocyanide was in excess, very 
badly. The salts used for this series of precipitations were 
cadmium nitrate and potassium ferrocyanide. 

The method of analysis was in all cases the same, and the 
object was to obtain the ratio between iron and potassium and 
cadmium. Some attempts were made at first to dry the precipi- 
tates to constant weight, but as decomposition resulted no 
attempt was made to weigh the portions taken for analysis but 
all the determinations were expressed as ratios. 

The precipitates were repeatedly evaporated in casseroles with 
nitric and sulphuric acids till decomposition was complete, the 
residue was dissolved in water, the excess of sulphuric acid 
neutralized with ammonia and the cadmium precipitated as sul- 
phide in a very weak hydrochloric acid solution, dissolved and de- 


1 The cadmium hydroxide was dissolved in an excess of ammonia before the potas- 
sium ferrocyanide{was added. 
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termined as phosphate.' In the filtrate the iron was, after oxi- 
dation, precipitated as hydroxide and weighed as ferric oxide. 
The filtrate from the iron was evaporated, the ammonium salts 
expelled and the potassium weighed as sulphate. In the deter- 
mination of cadmium as phosphate, weighing as pyrophosphate, 
and as cadmium ammonium phosphate(CdNH,PO,.H,O) were tried 
and the weighing as cadmium ammonium phosphate adopted as 
more convenient. 

The following is a brief description of the precipitates formed 
and the results obtained from their analysis expressed as an atomic 
ratio :” 

A (neutral solution, cadmium in excess). Yellowish white, 
settled well, was washed (nine times) till free from cadmium ; 
when dry, was yellowish-white, apparently slightly oxidized to 
ferricyanide. Gave, on analysis, Fe: K:Cd::1:1.14:1.42 or 
7:8:10, corresponding to K,Cd,,(Fe(CN),).. 

B (neutral, ferrocyanide inexcess). White, settled partially 
after five months, was washed at intervals for a year. It was 
the most tedious of all but did not give evidence of decomposition. 
The ratio was Fe: K:Cd::1:1.80: 1.08. 

C (hydrochloric, cadmium in excess). Dull orange-yellow, 
settled very well ; on washing with water containing 10 cc. con- 
centrated hydrochloric acid per liter, the supernatant liquid be- 
came greenish with evident decomposition of the precipitate. A 
second lot was made under the same conditions; the precipitate, at 
first white, became yellow within a few seconds. The yellow 
precipitate is also formed when cadmium is dissolved in hydro- 
chloric and a little nitric acid, then neutralized, 2 cc. of hydro- 
chloric acid added, and then titrated by potassium ferrocyanide. 
It is not due to the presence of any nitroprusside and is un- 
doubtedly due to the oxidation of part of the cadmium ferro- 
cyanide to ferricyanide, which is brownish yellow, by the nitrate 
present in both cases. This precipitate was not analyzed. 

D (hydrochloric, ferrocyanide in excess). The precipitate, 
at first yellowish, became white when an excess of potassium 
ferrocyanide was present; it settled quite well at first but badly 
after washing, like the others when an excess of ferrocyanide is 

1 Miller and Page : School of Mines Quarterly, July, 1901, and Ztschr. anorg. Chem., 28, 


233 (1901). 
2 These values are obtained by dividing the calculated weights of iron, potassium, and 


cadmium, by their atomic weights and then multiplying by ZORA : 
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present, and showed a greenish-yellow color after washing, 
evidently due to a slight decomposition. The results were 
Fe: K:Cd::1:1.933 :0.991, corresponding to K,CdFe(CN),. 

E (acetic, cadmium in excess). The precipitate was nearly 
white, settled well, and on drying was white. The ratio was 
Fe:K :Cd::1:1.21:1.392, corresponding quite closely to K,Cd, 
(Fe(CN),)5- 

F (acetic, cadmium in excess). Creamy white precipitate 
which settled badly and on drying was slightly greenish on the 
surface. The iron cadmium ratio was 1:0.95, corresponding 
approximately to K,CdFe(CN),. 

G (ammonia, cadmium in excess). A pure white precipitate 
which gave considerable trouble in testing for an excess of cadmium, 
as owing to the excess of cadmium dissolved in ammonia, a point 
was reached where either FeCN,’”” or Cd” ions gave a precipitate. 
The precipitate on washing became flocculent and settled imme- 
diately; it was washed six times with water containing ammonia 
and then with water until no test for cadmium was obtained. 
The analytical results. gave the ratio Fe: K:Cd::1:0:3.33, a 
result impossible for aferrocyanide. After rewashing with strong 
ammonia to dissolve out the excess of cadmium, which was un- 
doubtedly present as either hydroxide or carbonate and which gave 
the flocculent character to the precipitate, the ratio became 
Fe: Cd::1:1.94, agreeing approximately with the normal ferro- 
cyanide Cd,Fe(CN),. 

HT (ammonia, ferrocyanide in excess). Pure white precipi- 
tate which settles well at first, but poorly after washing.’ in 
this case only, the iron cadmium ratio was determined ; the 
figures obtained were 1 : 0.97, corresponding to K,CdFe(CN),. 

On account of the oxidation and decomposition of some of the 
precipitates just described, a second set of eight was made under 
exactly the same conditions, using cadmium chloride instead of 
nitrate. These were made in December, 1900, and are marked 
A’, B’, etc., so as to be readily compared with the preceding series. 

A’ (neutral, cadmium in excess). White precipitate, which 
settled well and was completely washed ina month. On analysis, 
the ratio found was Fe: K :Cd::1: 1.14: 1.448 or 7:8: 10, agree- 
ing with the results obtained in 4 and the formula K,Cd,, 
(Fe(CN),),. 

1 Washed six times with ammonia and water, then with water till free from ferro- 
cyanide. 
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B’ (neutral, ferrocyanide in excess). A slightly yellowish 
precipitate which did not settle at all; various methods were 
tried to hasten the settling, but without effect, so it was finally 
abandoned. 

C’ (hydrochloric, cadmium in excess). White precipitate 
which settled well, gave iron to cadmium 1:1.46 and 1: 1.44. 
Results very similar to those obtained from A and agreeing with 
a ratioof Fe: K: Cd of 7:8: 10. 

D’ (hydrochloric, ferrocyanide in excess). A greenish pre- 
eipitate which would not settle. Separation by a centrifugal was 
tried as well as other methods such as the addition of sodium 
ehloride but without effect, finally it became so decomposed as to 
be worthless. 

£' (acetic, cadmium in excess). White, settled well, leaving 
a turbid solution ; gave on analysis Fe: K :Cd::1: 1.078: 1.383. 

F’ (acetic, ferrocyanide in excess). This precipitate became 
very green on standing and was rejected. 

G’ (ammonia, cadmium in excess). A perfectly white curdy 
precipitate which settles immediately, leaving a clear colorless 
liquid and differs entirely in physical properties from the pre- 
eeding. It gaveon analysis the ratio 1 :o : 2.27, showing, as inG, 
no potassium, and the presence of cadmium in excess of the pos- 
sible ratio for a ferrocyanide. 

HT’ (ammonia, ferrocyanide in excess). A creamy white pre- 
cipitate which settles well and has the consistency of clay, re- 
quiring considerable force to stir it up, and differing entirely in 
physical properties from the others. It gave, on analysis, 
Fe: K:Cd::1:2.07:1.048 or nearly 1: 2:1, corresponding to 
K,CdFe(CN),. 

It remained to obtain precipitates to take the places of B’, D’, 
and F’. Soin March, 1go1, these precipitates were made again 
under the conditions already described, but in dark brown glass 
bottles and were kept in the dark. This greatly lessened the 
decomposition and by sacrificing a large proportion of the pre- 
eipitates with the wash-water by July, residues were obtained 
which were free from excess of ferrocyanide and only slightly 
bluish in color. 

B&B” (neutral, ferrocyanide in excess). Ratio, 1:1.81:1.12, 
agreeing fairly with 2 and with K,,Cd,,(Fe(CN),),,. 
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D” (hydrochloric, ferrocyanidein excess). Ratio, 1 : 2.02 :0. 955» 
confirming D and corresponding to K,Cd Fe(CN),. 

F” (acetic, ferrocyanide in excess). Ratio, 1 : 2.03 :0.95, con- 
firming F and corresponding to K,CdFe(CN),. 

The abnormal results in G and G’, probably due to cadmium 
hydroxide being carried down in varying quantities, necessitated 
a repetition of this work, so in July, 1901, G’” was made under 
the same conditions but was treated. repeatedly with very large 
quantities of ammonia before washing with water and then 
analyzed at once. 

G’” (ammonia, cadmium in excess). The iron cadmium ratio 
was determined in duplicate and found to be 1 : 1.496, correspond- 
ing to K,Cd,(Fe(CN),),. 

When this precipitate was being washed it was noticed that 
there was a portion which did not settle as well as the rest; this 
was decanted from the part which settled well, washed and 
analyzed, giving a ratio of exactly 1Fe : 1Cd. 

In the results already given the duplicates on C’ and the ratios 
on £ and £’ did not check satisfactorily, so these precipitates 
were made again (July, 1901) and as they settled well (cadmium 
being in excess) they were washed and analyzed within a week. 

C’” (hydrochloric, cadmium in excess). White, no decompo- 
sition; gave Fe: Cd: :1:1.07 and 1: 1.065. 

E"" (acetic, cadmium in excess). White, no decomposition; 
gave Fe:Cd::1:1.07 and 1: 1.06. 

We see in these two a total lack of agreement in composition 
with those which were allowed to stand many months before 
analysis, indicating a change in composition after precipitation. 
On the other hand these last results are in exact agreement with 
the titration ratios in slightly acid solution;’ for if the theory 
for 1K,Fe(CN), or 1Fe: 1Cd’ gives for the strength of the 

-ferrocyanide salution 1 cc. = 0.00671 gram cadmium, then, if the 

ratio in the precipitate is 1: 1.07, the strength of the solution in 
terms of cadmium becomes 1.07 X 0.00671 or 0.00718, while the 
average result of titration was 0.00717. 

For ease of comparison let us disregard for the present the 
potassium, which has been found to be present always in the 
proper amount to satisfy the remaining valency of the ferrocy- 
anogen radical and consider only the iron cadmium ratios. 


1 Miller and Fisher : This Journal, a1, 542 (1900). 
2 Based on Hermann’s formula KeCd Fe(CN),. 
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Character of solution. Cadmium in excess. Ferrocyanide in excess. 
Fe : Cd. Fe: Cd. 
Neutral 1:31.42 A 1:1.08 B 
1:1.448 A’ rin 


Hydrochloric 1 :1.462 C’ 1:0.99 D 
1eacggee* I :0.955 D” 
P3807 °C0"3 Belece 
1: 1.065,.C’// * 


ACCC. sac cecvcccincvwces - 122.392 E :0.95 F 
1: 1.383 E/ 10.95 F” 
T2507 -B// er 
1:71.06 E/”/? 


* Ammonia 143.43.6 :0.97 H 
21.94 G? :1.048 H’ 


I 

12:27 ..G" 
1:1.496 G’/’ 
I: 1.496 G’/’ 

I: I G/’”’ 3 

We see from the work described that : 

(1) The results when ferrocyanide is in excess are entirely 
different from those where cadmium is in excess. 

(2) In either acid or ammoniacal solution, ferrocyanide being 
in excess, the ratio is 1 iron to 1 cadmium or the precipitate is 
K,CdFe(CN),, while in a neutral solution the cadmium ratio is 
higher. 

(3) With cadmium in excess, in either neutral or hydrochloric 
acid solution the final composition is the same, corresponding to 
K,Cd,,(Fe(CN),),, while in an acetic acid solution the final com- 
position corresponds to K,Cd,(Fe(CN),),. 

(4) With cadmium in excess, in an acid solution the composi- 
tion alters on standing with an increase of cadmium in the ratio, 
but when freshly precipitated the ratio agrees exactly with the 
results by titration. 

(5) With cadmium in excess, in an ammoniacal solution the 
ratio exceeds the normal, but after washing with ammonia corre- 
sponds to Cd,Fe(CN),; when freshly precipitated and washed 
quickly with ammonia, the part which settles badly being 
removed by decantation, the composition agrees exactly with 
K,Cd,(Fe(CN),),, while the part decanted corresponds to 
K,CdFe(CN),. 

1 Analyzed within a week of precipitation. 


2 After treatment with ammonia. 
3 Decanted portion. 
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(6) The constancy of the final composition of these precipi- 
tates does not favor the theory that potassium ferrocyanide is 
merely dragged down. 

The results obtained when cadmium was in excess in an ammo- 
niacal solution were so extraordinary that they deserved further 
study. The precipitate G’’”, K,Cd,(Fe(CN),),, was treated seven 
times with strong ammonia (sp. gr. 0.90) to see whether a 
change could be effected by a difference in solubility in ammonia 
as the K,CdFe(CN), seemed the more soluble. In this way, a 
creamy white residue was obtained which gave on analysis 
Fe: Cd ::1: 1.99, showing Cd,Fe(CN), which was also obtained 
in G after rewashing with ammonia. 

This result, together with the fact that the portion first 
obtained by decantation when the precipitate was originally 
treated with ammonia, gave a ratio of Fe: Cd of exactly 1: 1 shows 
that the original precipitate can be resolved into the two simple 
ferrocyanides Cd,Fe(CN), and K,CdFe(CN),, and affords im- 
portant confirmation of the theory that these complicated pre- 
cipitates are mixtures, advanced several years ago in connection 
with the ferrocyanides of zinc and manganese.’ 

Now, if this is true for the precipitate in an ammoniacal solution, 
it ought also to be true of those more complicated ones formed in 
acid solutions ; accordingly, C’’, which gave 1 : 1.07 when freshly 
precipitated, was treated in the same way with strong ammonia, 
and the residual cream-colored portion analyzed. This gave a 
ratio of 1: 1.90, showing that the same change had taken place, 
though it was not entirely complete. 

To test this further, precipitate 4 (neutral, cadmium in excess, 
made June, 1900) was treated eight times with strong ammonia 
and the residue analyzed. This gave the ratio of 1 : 1.99, agree- 
ing almost perfectly with Cd,Fe(CN),. 

In order to ascertain whether the change which takes place on 
standing can be hastened by heating, the precipitate Z’” (acetic, 
cadmium in excess), which when washed quickly and analyzed 
gave a ratio of 1: 1.07, was heated with water containing acetic 
acid on a water-bath for three days and then analyzed. The 
result was Fe:Cd::1:1.40 compared with 1: 1.383(£’) after 
standing six months in the cold and 1 : 1.392(£) after one year. 

This precipitate (Z’” after heating) was next treated eight 

1 This Journal, 19, 556 (1897). 
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times, with strong ammonia, and the residual portion analyzed. 
The result was Fe: Cd: : 1: 1.97, showing again the presence of 
the normal cadmium ferrocyanide. 

These experiments show that the ferrocyanides undergo a 
change in composition after precipitation which progresses to the 
same point under the same conditions and which is hastened by 
heating. The action of ammonia on these precipitates (cadmium 
in excess) has been confirmatory of the idea that they are either 
mixtures or else very easily decomposable double salts made up 
of K,CdFe(CN), and Cd,Fe(CN),. 

Written in this way the results are expressed as follows : 


Character of ‘ : PPh gr 
solution. Cadmium in excess. Ferrocyanide in excess. 


Neutral........ 4K,CdFe(CN),.3Cd,Fe(CN), 9K,CdFe(CN),.Cd,Fe(CN ), 
Hydrochloric -. 14K,CdFe(CN),.Cd,Fe(CN),' K,CdFe(CN), 
4K,CdFe(CN),.3Cd,Fe(CN), 


Acetic ...-..+.. 14K,CdFe(CN),.Cd,Fe(CN),' K,CdFe(CN), 
3K,CdFe(CN),.2Cd,Fe(CN), . 
Ammonia...... K,CdFe(CN),.Cd,Fe(CN),! K,CdFe(CN), 


It would be premature to advance these formulas as represent- 
ing relations of these complicated and variable precipitates, but 
the facts seem to warrant this as a working hypothesis, to be 
used in a further study of the other insoluble ferrocyanides. 

Although the results are not all that are desired, many of the 
precipitates are so easily oxidized, readily decomposed and impos- 
sible to filter, that it seemed very doubtful whether any better 
results could be obtained if the work were repeated. 

On comparing the results obtained on cadmium with those on 
zinc previously published’ and with those of Stone and Van Ingen* 
we see some cases of remarkable agreement as well as some 
discrepancies, but a discussion of these results is postponed as it 
is proposed to continue this work by a similar investigation of 
the ferrocyanides of the other metals of the periodic group con- 
taining cadmium and zinc and also of the analytical group con- 
taining zinc, manganese, nickel and cobalt so that, taking zinc as 
a starting-point, we can see whether the variations in composition 
have any connection with the analytical grouping or the periodic 
law and also possibly obtain more knowledge of their constitution. 

QUANTITATIVE LABORATORY, 

July 31, Igor. 

! Freshly precipitated. 


2 This Journal, 19, 547 (1897) 
3 Jbid, 19, 542 (1897). 








PROXIMATE ANALYSIS OF SPENT ALKALINE LIQUOR 
FROM THE REDUCTION OF POPLAR WOOD FOR 
PAPER STOCK, BY THE SODA PRO- 

CESS, WITH A DESCRIPTION 
OF THE SiETHOD. 


By MARTIN IL. GRIFFIN. 


Received November 11, 1901. 

O far as I know, no attempt at analysis of this complex liquid 
has ever been made, and I know of no references in litera- 
ture relating to its composition. I have, at different times, made 
determinations of some of the constituents of this liquor, par- 
ticularly the total alkali and acetic acid, but this is my first 
attempt at an investigation of the proximate constituents. The 
reason why the subject has not been taken up by technical chem- 
ists, employed in the paper industry, is because of the complex 
nature of this waste and the fact that manufacturers have had no 
idea that it contained anything valuable which they could recover 
except the alkali, for which greatly improved machinery has been 

contrived during the past fifteen years. 

My interest in this subject was much increased by the action 
of the Scottish Paper Makers Association, which nearly two 
years ago offered prizes for the investigation of various waste 
products resulting from their paper industry, among which was 
the waste alkaline esparto liquor. 

The subject is brought before you now simply in introductory 
form, but still in a way which I trust will be of some interest and 
value. 


THE PROCESS BY WHICH THE SPENT LIQUOR RESULTS. 


We are told that M. Meliner, a Frenchman, in 1865, was the 
first to discover the process of reducing spruce and poplar woods 
to paper stock by treatment with alkalies under steam pressure. 
The process now consists in cutting the wood into chips, the 
fiber of which is about } inch long, and charging same into di- 
gesters holding from 3 to 5 cords. Strong sodium hydroxide 
liquor, containing from about go to 100 grams of soda-ash per 
liter, is then furnished toan amount of about 4 gallons to each cubic 
foot of capacity of the digester. Steam pressure of 100 to 120 
pounds is then applied for from seven to eight hours, when the 
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mass is blown out under pressure and washed. Th‘s alkaline 
liquor, with the extracted matter, is the subject for our con- 
sideration. Before it is exposed to the air, it has a light 
rose tint, but afterward becomes black instantly. As it comes 
from the digester, it has a specific gravity of about 1.08 (or 103° 
Bé.) at 15°, and contains 14 to 15 per cent. of total solid mat- 
ter at 100°, which is very deliquescent. _ 

No attempt at recovering any useful products other than soda-. 
ash has ever been made by those employed in the paper industry, 
and I doubt if any products as valuable as the ash could be 
obtained unless it included it. Neither could other valuable 
products be sought at the expense of the alkaline carbonates. 

I submit the following proximate analysis of this liquor. The 
results are given on the basis of total solids dried at 100° : 


Per cent. 

PE SO ou Greets bs can ab bocce Cc ca kirebiee ee O.II 
Iron and aluminum oxides..........+eeeeee 0.02 
Cabri OE faitis dois bceaee osc dcgreaeitan 0.05 
Magnesium Oxide....+-.-.cesececeseseecees 0.00 
RRR IN dnd ain, 4/c.6,553 9: 0:4:6 wla5 6 se 9 0.69 
MINIT MINIS 15 GLa) olaseatds) a0! cig “o,6. c9sh 308s inre,ae 25.69 
WONT CERO 65 a ot bee cece cicg 0 860 lere.0 Viecets 3.43 
De ee, eee ee re 9.89 
Organic matter extracted by naphtha, boil- 

img under 60°....2. sees cece ccceccseces 1.56 
IR rere ee eee 7.14 
PRI PEER 466-4. & 05.50 nb :0e ses 6.c.0be Oooo 28.26 
MIE icv ks sa HaSe ChW eas 6s Saws! Wet eles Aba-as 17.02 


Total alkalies estimated with normal acid by 
incineration of the evaporated liquor... 44.25 

No attempt is made at combining the acid substances with the 
bases, though, of course, we know that the carbonic and acetic 
acids, also the acid resinous substances, are combined with the 
small amounts of mineral bases, and the alkalies. The remain- 
ing 6 per cent. is not definitely accounted for. It is probably 
all water, largely contained in the sodium hydroxide remaining 
after saturating all the acid substances, and not accounted for 
above, and a little water not driven off at 100°. 

We know that a large fraction of the total organic matter posses- 
ses acid properties, since approximately 18.59 per cent. of the total 
solids, or 34.43 per cent. of the total organic matter may be pre- 
cipitated with a slight excess of sulphuric acid at a temperature 
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-of about 40°. This temperature was found best adapted for the 


precipitation and the washing of the precipitate. At much 
higher temperatures, the resinous substances will melt, and are 
more soluble in the menstruum from which they are precipitated. 
By neutralizing with normal hydrochloric acid, 17.96 per cent. 
was precipitated. 

I hope to be able to investigate chemically and for technical 
uses, the nature of these acid resinous substances, and present the 
results at some future meeting. 

The method employed for the organic part of this work is the 
system of solvents recommended by Dragendorff. A quantity of 
the liquor was contained for use in a tight jar. The total solids 
were first determined, so that when, for the purpose of different 


.determinations, a definite volume was taken, the solids could be 


calculated without the trouble of weighing. 

In order to prepare a sample suitable for the process of extrac- 
tion successively by solvents, 5 cc. of the liquor, just neutralized 
with normal sulphuric acid, were absorbed upon an Adams’ paper 
coil and placed in an extraction thimble for convenience, and 
dried thoroughly at 100°. The coil was then extracted with 
naphtha, boiling under 60° in a Soxhlet tube, and the extracted 
matter determined in the usual way. After the evaporation of 
this solvent, the coil was successively extracted with ether and 
absolute alcohol in the same manner. ‘The extract by water con- 
tained not only all the organic matter soluble in it, but all the 
mineral constituents, as sulphates, with the possible exception 
of traces of silica. 

From this extract the organic matter was determined by burn- 
ing off, and from the mineral portion the alkalies were estimated. 
The total acetic acid was determined by taking 100 cc., acidify- 
ing with slight excess of sulphuric acid, and distilling with the 
addition of fresh portions of water, until the total distillate 
amounted to 1 liter. This was distilled a second time to the 
same volume and the distillate was thoroughly tested for the 
presence of acetic acid and no other, which was then determined 
from an aliquot part with tenth-normal sodium hydroxide. 

The mineral analysis was made by evaporation and incineration 
of a fresh sample of 25 cc. in the usual way. 

It is the purpose of the writer to pursue this investigation 
further by taking the extract by each solvent and differentiating it 
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as far as possible into its separate constituents in the hope that 
the results may be of some interest, though having no commercial 
value. The author will be glad to have the subject discussed 
by the Society, and thankful for any criticisms or suggestions 
regarding the work. 





DOES «« ARGEMONE MEXICANA” CONTAIN MORPHINE ? 


By J. O. SCHLOTTERBECK. 
Received October 24, 1901. 


EXICAN or prickly poppy, as this plant is more familiarly 

/4 known, is native to the southern states of North America, 
Mexico, and the West Indies, but it has spread to the north and 
has also been accidentally introduced by trading ships into distant 
tropical and subtropical lands to such an extent that it has be- 
come a troublesome weed in some localities. The plants are 
easily propagated from seeds which have for some time been 
offered. by seedsmen for ornamental planting, consequently the 
prickly poppy has become rather cosmopolitan. The plant is 
striking in appearance, attains a height of 2 feet, is erect, bristly, 
and glaucous. The leaves are alternate, sessile, sinuately lobed, 
armed at the margin and under surface with very sharp prickles. 
The upper surface of the leaves is beautifully blotched with 
white. The solitary flowers are yellow, about 1} inches broad, 
possessing a soft, bristly ovary with 4 to 6 red-tipped stigmas. 
When about to dehisce, to discharge the numerous finely pitted 
black seeds, the prickly capsule turns from green to brownish-black. 
When bruised, all parts of the growing plant exudea yellow, 
milky juice which is acrid, bitter, and of penetrating odor. 

The Spanish claim emetic properties for the seeds and purga- 
tive properties for the fixed oil therefrom. Others believe the 
plant to possess narcotic qualities. The juice of the leaves has 
gained a reputation among the laity, at least, in the treatment of 
opacities of the cornea, pain of cephalalgia and inflammation of the 
eyes. Prickly poppy is official in the ‘‘Mexican Pharmacopoeia,’’ 
and while reports upon its therapeutic value are very contradic- 
tory and at times fabulous, its importance has merited detailed 
notice of its properties and uses in the dispensatories of the United 
States. Considering the repute in which this plant has been held 
as a remedial agent among Spanish-American peoples it is rather 
remarkable that so little attention has been directed to its chem- 
ical study. 
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Charbonnier’ made a chemical study of the leaves and capsules, 
and the oil of the seeds, and reported the presence of morphine. 
This statement has never been disputed, being still quoted in refer- 
ence books to the present day. In 1877 Andrés Ortega published 
in the proceedings of the Escuela Nacional de Medicina de 
Mexico his results obtained with several species of Argemone, one 
of which was the plant under discussion. He operated upon 
4 grams of the inspissated juice obtained by incising the unripe 
capsules and claims to have positively identified morphine. The 
only other study of this plant was made by Peckolt,’ who says 
that the plant is a very popular remedy in Brazil, for almost all 
known ailments, but that it is not at all prescribed by physicians. 
He separated a white alkaloid and named it argemonine. The 
quantity obtained was so small, however, that he could make no 
study of it. 

The very sparse and unsatisfactory information upon the alka- 
loidal constituents of this plant led the writer to undertake a chem- 
ical examination with large quantities of authentic material. One- 
half of the drug, about 20 pounds, was collected for the writer in 
Kansas, and the dried whole plants carefully inspected for foreign 
material. It was found to be free from admixture. An equal 
amount was grown in the university gardens. At flowering time 
it was collected, dried, ground, and extracted by the writer so that 
there seemed to be no possibility of contamination by other alka- 
loid-bearing drugs. 

The ground plant was moistened with very dilute ammonia 
water and spread out in a thin layer to dry at ordinary tempera- 
ture. The dry material was extracted in a large copper apparatus 
with chloroform until exhausted of alkaloid. The deep-green 
percolate was distilled for recovery of chloroform and the fatty 
residue digested with several portions of acidulated (acetic acid) 
water on the water-bath until practically no more color was ex- 
tracted. The aqueous liquid was concentrated to small volume 
at low temperature, filtered, and set aside to cool. Ina short 
time the deep yellow liquid had separated a magma of fine yellow 
needles which looked very much like berberine. It was collected 
on a filter and recrystallized from water several times. In its be- 
havior with solvents and reagents, and in its physical properties, 


1 J. de Pharm., (5), 7, 348 (1868). 
2 Ber. d. pharm. Ges., 8, 286. 
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it was identical with berberine. Chlorine water produced with a 
solution of this compound the characteristic: blood-red color that 
distinguishes berberine. Potassium iodide precipitated a hydri- 
odide completely, leaving a colorless filtrate as is the case with 
berberine. Finally an acetone compound was made according to 
the directions of Gaze,' and the same quantitative yield obtained. 
Certainly these qualitative tests amply justify the assertion that 
this yellow alkaloid is none other than berberine. 

Since the presence of berberine in one of the Papaveraceae is 
rather unusual it was feared that in spite of the great precautions 
taken, some berberine-bearing drug might have been accidentally 
mixed with the original, although the amount of berberine sep- 
arated precluded any such possibility. To make doubly sure, 
‘however, just one very large plant that had been hung in the 
drying room as a museum specimen was employed for a confirma- 
tory examination. This was ground, moistened with ammonia, 
dried and extracted with absolute alcohol in a liter Soxhlet ap- 
paratus. The greenish filtrate after concentration and cooling 
separated needles of potassium nitrate. After removing all the 
alcohol the residue was digested with small amounts of acidulated 
water, the liquid filtered and set aside to evaporate spontaneously. 
After several days yellow crystals, answering all the well-known 
tests for berberine, had separated. 

The filtrate from the original magma of yellow crystals was 
concentrated, a second small crop of berberine salt removed, then 
made alkaline with potassium hydroxide and shaken out several 
times with ether. The severai ethereal portions were filtered, re- 
duced to small volume by distillation and then set aside in an 
Erlenmeyer flask. In the. course of a few days small whitish 
warts began to accumulate on the side of the flask. After the 
ether had practically evaporated, the warts were dissolved in acetic 
acid, diluted with water, made alkaline, and shaken out again 
with ether. This was set aside as before and after repeating the 
operation several times the product became white and assumed 
the form of warts and small prisms, which melted at about 204°. 
Sulphuric acid gave a violet-red color with a fragment of the 
alkaloid upon awhiteslab. Erdmann’s reagent gave a deep 
violet-blue. A beautiful green color was obtained when a little 
more nitric acid was added to Erdmann’s reagent. The quantity 

1 Arch. d. Pharm., 228, 607. 








ARGEMONE MEXICANA. 241 


of the alkaloid was too small to admit of further examination but 
the qualitative tests mentioned together with the experience of 
the writer with this substance left no doubt that it was the alka- 
loid protopine. It is doubtless the same alkaloid which Char- 
bonnier and Ortega imperfectly separated and called morphine. 
Although the color tests are not exactly the same as Peckolt 
obtained with his argemonine there is no question that it was 
protopine he had in his hands and not a new alkaloid. 

The original drug marc, after having been extracted with 
chloroform, was percolated with hot distilled water for the pur- 
pose of removing the ammonium salts of the acids combined with 
the alkaloids in the plant. The dark-colored percolate was re- 
duced to a small volume on the steam-bath and set aside to cool. 
A large crystalline deposit accumulated in the bottom of the 
vessel. This was collected upon a Buchner filter and thoroughly 
washed with cold water. Much of the brownish coloring-matter 
was removed in this manner. ‘The residue when dry was grayish 
in color. It consisted partly of calcium phosphate. The acids 
in combination with the alkaloids have not been identified with 
certainty. This will be left for a future paper. 

At first thought the presence of berberine in the Papaveraceae 
weakens the position held by the writer and others that botanical 
relationship to a great extent predicts chemical relationship. A 
comparison of the structural formulas of berberine submitted by 
Perkin' with those of the opium alkaloids papaverine, narcotine, 
and narceine, demonstrates conclusively that the discovery of 
berberine in a plant of the poppy family strengthens rather than 
weakens this position. 





Berberine I. Berberine IT. 
17. Chem. Soc.,t, 991 (1890). 
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Papaverine. 


Narceine, 


These four alkaloids together with hydrastine constitute the’ 
isochinoline group of plant alkaloids. They are, with the excep- 
tion of narceine, distinct derivatives of the parent base isochino- 
line as is shown above. Narceine shows very close relationship 
to the same base. By the constitution of the above-named bases 
occurring in the poppy family, the botanico-chemical principle 
spoken of is graphically enunciated. 


SUMMARY. 


1. Argemone Mexicana does not contain morphine. 

2. The alkaloids of Avgemone Mexicana are berberine and pro- 
topine. 

3. The argemonine of Peckolt is protopine. 

4. Potassium nitrate is one of the salts existing naturally i in 
the plant. 

In conclusion I wish to express my thanks to Mr. C. W. John- 
son, who kindly assisted me in this investigation. 


SCHOOL OF PHARMACY, UNIVERSITY OF 
MICHIGAN, ANN ARBOR, MICHIGAN. 














DETERMINATION OF [MANGANESE IN IRON.' 
By WILLIAM A. NOYES AND G. HARRY CLAY. 
Received November 1, 1901. 
HE process here described involves no new principle. It is 
a combination of several different processes and, so far as 
we are aware, has not been used before. 
REAGENTS. 

Ferrous Ammonium Sulphate.—Dissolve 8.56 grams crystallized 
ferrous ammonium sulphate in water containing 40 cc. of dilute 
sulphuric acid (25 per cent.), and make to 1 liter. 

Potassium Permanganate.—A standard solution of such strength 
that 1 cc. is equivalent to about 0.001 gram iron.’ The manga- 
nese equivalent for the present method is found by multiplying 
the iron equivalent by ~’/,,.. 

Sodium Acetate.—Thirty grams of crystallized sodium acetate, 
30 cc. of acetic acid (30 per cent.), and 170 cc. of water. 

Bromine Water.—A saturated solution. 

Dissolve 1.5 grams of the sample in 25 cc. of nitric acid (sp. gr. 
1.20), or in 20 cc. of nitric acid and 5 cc. of hydrochloric acid, 
(sp. gr. 1.12). Heat till dissolved, transfer to a 300 cc. flask, 
add a solution of sodium carbonate till nearly neutral, and then 
an emulsion of zinc oxide slowly till the precipitate of ferric 
hydroxide forms. After two minutes add an excess of zinc 
oxide.” Make up the volume to 300 cc., mix by pouring back 
and forth into a dry beaker, and filter through a dry filter. 

Take 200 cc. of the filtrate, add 20 cc. of the solution of 
sodium acetate and 4o cc. of bromine water. Heat nearly to 
boiling, stirring occasionally and adding more bromine water, if 
necessary, till the precipitate of manganese dioxide separates. 
Filter and wash. The precipitate adhering to the beaker need 
not be removed, but the beaker must be rinsed thoroughly. 
Place the beaker under the funnel containing the precipitate and 
drop upon the latter, from a burette, the solution of ferrous am- 
monium sulphate till solution is complete. During this opera- 
tion break up the precipitate occasionally with a fine stream of 
water from a wash-bottle. Unless the manganese exceeds 0.4 per 
cent., not more than 20 cc. of the solution should be used. 


1 The work here described formed the basis of a thesis for the degree of Bachelor of 
Science at the Rose Polytechnic Institute. 
2 Geo. Auchy: This Journal, 18, 998. 
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Wash out the filter and titrate the filtrate with the standard 
permanganate solution. The difference between the number of 
eubic centimeters of permanganate used and the amount which 
would have been used by the ferrous ammonium sulphate em- 
ployed, if no manganese dioxide had been dissolved in it, multi- 
plied by the manganese equivalent of the solution, will give the 
amount of manganese in 1 gram of iron. 

In testing the method, considerable difficulty was experienced 
in obtaining an iron solution free from manganese. All samples 
of ferrous sulphate and of iron ores which were available con- 
tained some of that element. Finally it was found that a sample 
ef ammonia iron alum was free from manganese and by precipi- 
tating a solution of the salt with sodium hydroxide, washing by 
decantation, and dissolving in sulphuric acid a ferric sulphate 
solution free from manganese was prepared. A manganese solu- 
tion of known strength was prepared by dissolving a weighed 
quantity of potassium permanganate in water, just decolorizing 
with sulphurous acid and making up toa known volume. A 
quantity of the iron solution containing 1.5 grams-of iron was 
mixed with a measured quantity of the manganese solution and 
the manganese was determined by the process described above. 
The results were as follows, stated as per cents. of the iron present. 


Manganese taken. Manganese found. 
0.100 0.109 
0.300 0.300 
0. 300 0.300 
0.500 0.490 
0.700 0.687 
0.700 0.681 
0.900 0.897 
1,100 1.090 


To determine whether evaporation with sulphuric acid to 
expel the nitric acid used for solution, as is done in Volhard’s 
process, is necessary, two samples of iron were analyzed, first by 
solution in nitric acid followed by evaporation with sulphuric 
acid, and second by solution in nitric acid and direct precipitation. 


The results were: 
i, 


Nitric and sulphuric acids. Nitric acid. 
0.335 0.344 
0.348 0.326 
0.332 0.329 


Mean, 0.338 0.333 
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Hi 
0.392 0.404 
0.408 0.412 
Mean, 0.400 0.408 


It is evident that the. evaporation with sulphuric acid is un- 
necessary and the saving effected here nearly or quite compen- 
sates for the extra precipitation as compared with Volhard’s 
method. 

As solution is more certain to be complete, for some irons, in a 
mixture of nitric and hydrochloric acids than in nitric acid alone, 
Mr. R. C. Warren has made some comparative determinations 
with these two solvents. 





te 
Nitric acid. Nitric and hydrochloric acids. 
0.189 0.207 
0.196 0.213 
0.207 0.207 
0.210 
Mean, 0.200 0.209 
IT. 
0.302 0.306 
0.310 0.302 
Mean, 0.306 0.304 


The precipitation of the manganese dioxide appears to take 
place a little more easily from the solution in which hydrochloric 
acid has: been used. 

The method resembles Volhard’s method as described by Blair 
in his ‘‘ Chemical Analysis of Iron,’’ more closely than any other. 
It has the advantage of avoiding the evaporation with sulphuric 
acid to destroy carbonaceous matter required by that method. It 
also gives a sharp end reaction. Not only is the end in titrating 
a neutral manganese solution with permanganate difficult to hit, 
but it is very uncertain because of the catalytic action of manga- 
nese dioxide in causing the decomposition of potassium permanga- 
nate.’ 


TERRE HAUTE, IND., October 28, Igo. 
1 Morse, Hopkins and Walker: Am. Chem. /., 18, 401. 
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LINA DEPARTMENT OF AGRICULTURE. ] 
NEW APPARATUS. 
By CHARLES B. WILLIAMS. 
Received November 30, 1901. 


A DEVICE FOR MARKING VOLUMETRIC FLASKS.’ 


T has been the custom in this laboratory for a number of years 
to graduate or calibrate all volumetric flasks before using, as 
experience has taught us that the different manufacturers have 
neither a uniform system nor a constant temperature of graduation. 
We use as a liter the volume occupied by a cubic decimeter 
(kilogram) of water at 4° C. zz vacuo, and graduate all flasks to 
contain the indicated amounts at 22° C., as this is the mean 
annual temperature of our laboratory during working hours. 

The calibrating apparatus used is that devised by Morse and 
Blalock.’ The marker which we have used with such satisfaction 
for the past year consists primarily (Fig. 1) of a solid iron base 7 
supporting a standard WV of wrought iron. The collars 4 and S 
are fitted to spindle with splines. The set-screws a and c afford 
means of clamping the movable carriage S' and arm AZ in various 
positions in a vertical plane; thus flasks any length up to 50 cm. 
can be marked. The marking-point F is made of steel and fitted 
into arm F’, which has a collar G, loose on shouldered collar 1%, 
and can be easily adjusted to any position. 

C is made of rubber or cork which can be replaced by removing 
the thumb nute. The carriage 1” which supports flasks is made 
of wood and is screwed to a washer on the spindle of the hand-wheel 
S”. This carriage is constructed to accommodate any sized flask 
from 50 to 1000 cc. capacity. 

The apparatus can be screwed to any secure foundation, as a 
table or window sill. 

In marking, the arm AZ is elevated to allow the flask to sit 
upright in the movable carriage 17”, then the arm is lowered 
until C fits tightly in the neck of the flask when the arm is made 
fast by the set-screw a. By means of the hand-wheel .S”, the flask 
carriage and stopper can be revolved horizontally. The arm 7’ may 
be adjusted so that the marker F will just be at the same height 


1 Read before the North Carolina Section of the American Chemical Society, on No- 
vember 9, 1900. 
2 Am. Chem. J., 16, 479-488. 
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Fig. 1. 


as the bottom of the meniscus of the measured liquid in the flask, 
when the arm /” can be pressed laterally with the hand and force 
the marker F into the beeswax, which has been melted and spread 
in a thin coating with a camel’s hair brush over the neck of the 
flask where the marking isto take place. Then without relieving 
the pressure on the marker, the hand-wheel is revolved, which 
makes a mark around the neck of the flask through the beeswax 
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at the bottom of the meniscus. This mark is etched into the 
glass by means of hydrofluoric acid applied with a camel’s hair 
brush and allowed to remain ten or fifteen minutes. With this 
device and procedure one is enabled to mark flasks very rapidly 
with but little practice. 

A MODIFIED BULB TUBE FOR NITROGEN APPARATUS.’ 

This bulb (Fig. 2) is of glass and consists of an 
upper stem 5 cm. long, a lower one 18 cm. long, 
anda bulb 5 by 5 cm. The bore of the stem is 7 
mm. and thickness of walls about 1 mm. The free 
end of the lower stem is closed to a 2 mm. hole. 
Above this hole 6 or 7 mm., are arranged circularly 
around the tube four holes (diameter 2 mm.) equi- 
distant apart. It is the experience in this labora- 
tory that in using the plain open-end bulb tube with 
materials rich in nitrogen, such as sodium nitrate, 
cotton-seed meal, blood, etc., there is often loss of 
ammonia by non-absorption by the standard acid, 
as, at the beginning of the boiling, ammonia is co- 
piously evolved and forced into the acid through 
one large orifice, hence coming in contact with only 
a small volume of the acid solution. 

With this tube the ammonia is forced into the 
acid through five openings in as many different di- 
rections, thereby giving ample provision for complete 
absorption. It has now been in constant use for 
over fourteen months with perfect satisfaction, even 








te, in high-grade ammoniated materials. When distil- 
Fig. 2. lation is complete, the tube is disconnected from 


the nitrogen apparatus and is used to stir the solution in titration. 


[CONTRIBUTION FROM THE CHEMICAL LABORATORY, UNIVERSITY OF 
MICHIGAN. ] 


4 ROTARY CEMENT KILN FOR USE IN THE LABORATORY. 


By E. D. CAMPBELL. 


Received January 6, 1902. 

N the researches on the constitution of hydraulic cements 
which were begun in this laboratory about three years ago, 

the cements under examination were prepared in small crucible 


1 Read before the North Carolina Section of the American Chemical Society, on No- 
vember 23, 1901. 
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furnaces, heated with gasoline. The material being burned, 
was formed into round or oval disks, and gradually raised dur- 
ing a period of three or four hours to the desired temperature, 
this latter being determined by means of three LeChatelier ther- 
mocouples passed through the walls of the furnace, and brought 
close to the material under treatment. This method of burning 
produces a clinker similar in appearance and properties to that 
burned in large fixed kilns. As the investigations progressed it 
soon became evident that time as well as temperature and chem- 
ical composition of the mixture was an important factor in deter- 
mining the constitution of the resulting clinker. If then reliable 
knowledge regarding the constitution of cements produced by 
a modern rotary process was to be obtained, it became necessary 
todevise a small rotary, in which cement could be produced and in 
which the temperature and the time during which the material was 
heated, were under control. The small rotary which has been in 
use during the past year in this laboratory, has given such satis- 
factory results, that we have thought a description of the same 
would not be without interest to those engaged in studying the 
physics and chemistry of hydraulic cements. 

The rotary proper consists of a piece of 8-inch (20 cm.) steam 
pipe 32 inches (81 cm.) long, provided with a collar and 
two shallow grooves turned to run on friction wheels attached to 
a cast-iron base having four long set screws for legs, by means of 
which the pitch of the rotary may be regulated. The rotary has 
attached to it the rim of a large 30-tooth sprocket wheel. The 
lining of the rotary was made of four sections of hard burned 
magnesite tubes. The tubes, two of which are shown at A in 
the cut, are 3 inches (7.5 cm.) inside and 6 inches (15 cm.) out- 
side diameter, and 8.5 inches (21 cm.) long, and so shaped that 
when placed end to end they form a smooth joint inside and out. 
These tubes were molded under hydraulic pressure in special dies 
made for this work. The molding and burning was done by 
Harbison and Walker, of Pittsburg, Pa., who used the same 
material as they employ in the manufacture of magnesite bricks. 
In lining the rotary the magnesite tubes were supported concen- 
tric with the steel jacket and the annular space between the tubes 
and the jacket was filled with asbestos. At the ends of the mag- 
nesite tube S for adistance of about 2 inches, the asbestos was 
mixed with raw and burned fire-clay and sodium silicate, the 
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mixture and asbestos being firmly tamped to prevent any dis- 
placement of the magnesite tubes during rotation. 

The tube is turned by means of a 1/7 H. P. electric 
motor, B, the speed being reduced by means of the pulley and 
worm gear C. The worm gear is connected by means of a 
sprocket chain to the sprocket wheel on the rotary, the gearing 
being so planned that the tube requires about one minute and 
twenty-five seconds to make a single revolution. 

The heating of the tube is done by means of a Hoskins hydro- 
carbon burner supplied with low-boiling gasoline from a tank 
situated some distance from the furnace. A working pressure of 
from 50 to 60 pounds per square inch in the gasoline tank gives the 
most satisfactory results. 

The temperature of the tube is controlled by means of a Le- 
Chatelier thermocouple, D, connected to the reflecting galvanom- 
eter E. In order to protect the wires of the thermocouple they 
are passed through a double-bored porcelain tube 7 mm. in diam- 
eter, which tube is covered for a distance of about 8 inches with 
platinum foil. It was found necessary to protect the porcelain tube 
in this way with platinum in order to avoid the slagging of the por- 
celain through contact with the basic clinker. The cold junction 
of the couple is maintained at o° C. by immersion in a small 
beaker which is kept filled with ice during an experiment. This 
small beaker is contained in the larger beaker F, from which it is 
insulated by means of a thick felt packing. 

A number of experiments were made to determine the temper- 
ature of the inside of the furnace at different points. This was 
done by constructing a special thermocouple insulated in double- 
bored porcelain tubes long enough to reach the entire length of 
the furnace when inserted at the cooler or feed end. A series of 
experiments demonstrated that the temperature attained its 
maximum at a zone about 6 inches (15 cm.) from the hot or dis- 
charge end. From the hot zone the temperature falls off regu- 
larly to the cool or feed end. The fixed couple D projects about 
3.5 inches (8.7 cm.) into the hot end of the furnace. At this 
point the temperature averages about 40° C. lower than at the 
hot zone, but on account of the intense heat at this latter point 
and the length of the porcelain tube required to reach it, it was 
found impracticable to keep the couple at this point, as the tubes 
would invariably sag and break after a comparatively short ex- 
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posure. The same difficulty of sagging and breaking of porcelain 
tubes was experienced to a much greater degree during the 
ameasurements of temperature along the axis of the furnace, so 
that after the general distribution of heat was determined in a 
number of cases, it was not deemed necessary to use anything 
but the short fixed couple to control the temperature. The tem- 
peratures found at one series of measurements were as follows: 
At the fixed couple 1460° C. (2660° F.); 6 inches (15 cm.) from 
the hot end 1500° C. (2732° F.); 8 inches (20 cm.) from hot 
end, end of section 1, 1487° C. (2709° F.); 12'/, inches (31 
cm.) from hot end, middle of section 2, 1414° C. (2577° F.); 
middle of furnace, end of section 2, 1392° C. (2538° F.); 
middle of section 3, 1335° C. (2435° F.); end of section 
3, 1286° C. (2347° F.); temperature of escaping gas at feed 
end of furnace, 1200° C. (2192° F.). While the above figures 
show the distribution of heat within the furnace, they do not 
show the maximum temperatures attainable. The temperature 
of the hottest section (section 1) of the furnace has been raised 
130° C. higher than the above figures, or to nearly 1630° C. 
(2966° F.) at the hot zone. This is enough to give perfectly 
sound clinker from the most refractory materials and is too high 
for most mixtures. 

In making an experimental burning the furnace is lighted and 
the galvanometer observed until the deflection shows that the de- 
sired temperature has been reached, the time required to bring 
the furnace to the working temperature being usually from forty- 
five minutes to one hour from the time of lighting. When the 
furnace has attained the desired heat, feeding of the prepared 
slurry is begun. When the furnace is working, the discharged 
end is closed by means of the bricks G suitably cut to admit the 
flame into the furnace and the clinker to drop into the asbestos- 
lined box H placed to receive it. The feed end of the furnace 
is partially closed by a brick with a shallow trough cut into it, 
serving to guide the prepared slurry into the furnace and a small 
pile of slurry is maintained at the feed end of the furnace, being 
replenished as fast as the material works down through the tube. 
With one revolution in one minute and twenty-five seconds, and 
a 6 per cent. pitch to the tube, the time of passage is from twen- 
ty-five to thirty minutes. During the first hour of feeding from 
1,500 to 1,700 grams of prepared slurry can be fed, and aftcr the 
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first hour from 1,000 to 1,200 grams per hour. This yields from 
600 to 700 grams of clinker per hour from the time when the first 
pieces of clinker appear to the time feeding is stopped. The last 
material fed does not come through the furnace in less than 
forty-five minutes on account of there being nothing back of it 
to push it forward. When the first clinker has made its appear- 
ance, it may be examined, and if it seems overburned or under- 
burned, the temperature can easily be lowered or raised, until the 
clinker has the desired appearance. When once the clinker 
shows the desired appearance the temperature can be maintained 
so as not to vary more than 10° during the entire run. This 
uniformity of temperature produces a corresponding uniformity 
in the resulting clinker, thus enabling the influence of tempera- 
ture upon the resulting clinker to be easily studied. 

In preparing the slurry for burning, the method employed will 
depend upon whether the conditions to be studied are those found 
in the ‘‘wet’’ or ‘‘dry’’ process. If it is desired to imitate the 
conditions found in the wet process, the marl or limestone used is 
dried and ground to practically all pass through a 100-mesh sieve, 
and the clay or shale is also dried or ground, if necessary. After 
the necessary analyses have been made, weighed portions of the 
clay or shale with the marl or limestone are thoroughly mixed 
with sufficient water to give a liquid slurry containing from 4o to 
50 per cent. of water. This liquid slurry is evaporated down with 
frequent stirring until it has the proper consistency to work well. 
After evaporating and cooling, the slurry is thoroughly worked 
up and rolled out by means of an ordinary rolling-pin on rec- 
tangular pieces of galvanized iron, which can be placed in a dry- 
ing rack, J. After rolling out toa thickness of 1/4 to 3/8 inch on 
these shelves, the slurry is cut by means of the thin cutting 
wheel, I, passed longitudinally and transversely so as to produce 
small cubes of approximately the same size, and when all the 
material has been rolled out and cut in this way, the shelves are 
put into the drying racks J, and thoroughly dried. After drying, 
the slurry is easily removed from the shelves, and the cubes 
separated by hand. The time required for rolling out and cut- 
ting about 4,500 grams need not exceed thirty minutes. About 
4,500 grams of dried material are usually used, as this will 
yield from 2,500 to 2,800 grams of perfectly uniform clinker, the 
loss being very small during the work. 
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When the conditions of the dry process are under examina- 
tion, the dried materials, clay or shale with marl or limestone, are 
mixed and well ground together in a laboratory jar mill. The 
mill at present in use, which has given very satisfactory results 
in grinding both raw material and clinker, was furnished by the 
Bonnot Co., of Canton, Ohio. After mixing and grinding dry, 
the material is moistened with just enough water to enable it to be 
rolled out and cut up like that used for the wet process. 


ANN ARBOR, MICH. 
December 16, Igor. 
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HE fact that aluminum can now be classed as one of the 

common metals, since it can be obtained at a moderate 

price, and of certainly as great purity as other commercial metals, 

has of late years made it the subject of many researches. Its al- 

loys with nearly all the commoner metals have been made or at- 

tempted, but their adaptability to commercial uses has rested 

solely upon the ordinary tests and many statements of a very 
unscientific nature have been published about them. 

While working in Professor Sir William Roberts-Austen’s lab- 
oratory, at the Royal College of Science, the authors were engaged 
in examining anew some of these alloys in the light of recent 
advancement in those methods of alloy research which Professor 
Roberts-Austen has done so much to promote. Through the 
interest in our work which he exhibited and by means of the 
facilities which he provided us for carrying on metallographic and 
pyrometric observations we now have the honor to present the 
following results,—not as a completed investigation, but as the 
beginning of one which has, of necessity, been transferred 
from one laboratory to another. We expect to continue work 
upon some of these lines in the metallurgical laboratory of Colum- 
bia University. It has been thought best, therefore, to present 
the results already obtained by us in the laboratories at South 
Kensington in the following paper. 

Professor Richards, whose researches upon the industrial appli- 
cations of aluminum are so well known and which entitle him to 
be considered as the foremost authority upon the metallurgy of 


1 Read before the New York Section of the American Chemical Society, November 1, 
4901. 
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aluminum and its alloys, has given us a very valuable work om 
the subject in his book, ‘‘ Aluminum : Its History, Properties,. 
Metallurgy, etc.’’ In so far as this book deals with industrial 
topics, resting upon Professor Richards’ own authority, it is no 
doubt the best source of information to be had. A great deal of 
what might be called the ‘‘pure science’ of the book —particularly 
in regard to the alloys—is decidedly at fault and should be revised 
thoroughly, and many portions, almost without exception direct 
quotations from antiquated sources, might well be omitted. 

.In classifying the alloys of aluminum, Professor Richards points 
out that the useful ones fall into two groups. 

1. Those in which small amounts of another metal are added 
to aluminum. 

2. Those in which aluminum is added in small amounts to 
other metals. 

Generally speaking the metal present in the smaller amount 
does not exceed 15 per cent., and practically, in alloys of the first 
class, much smaller amounts give the maximum improvement in 
the alloy, hardness being one of the qualities most sought. Alu- 
minum seems to be able to take up considerable quantities of cer- 
tain metals without undergoing a change in volume, though the 
density and probably the hardness are improved in such cases. 

Aluminum seems to form intermetallic compounds more readily 
than almost any other single metal unless it be the alkalies. On 
the other hand, there are several metals with which it will neither 
combine nor even mix to give homogeneous alloys except wher 
the added metal is present in very small percentages. Of this class 
of metals we might mention lead, bismuth, and cadmium. 

Various workers have mentioned the formation of one or more 
compounds of aluminum with antimony, chromium, cobalt, cop- 
per, nickel, gold, manganese, magnesium, mercury, molybdenum, 
platinum, titanium, tungsten, and other metals. In the light of 
recent work we may doubt that the formulas of these compounds 
have been correctly given in all cases. Weare positive that 
many of the copper-aluminum compounds so-called, that have 
been mentioned in past years, have noexistence. They are neither 
indicated by metallographic nor pyrometric evidence and the fact 
that from many alloys of aluminum beautiful and for the most 
part rather stable crystals can be obtained by the use of proper 
solvents does not prove that these crystals consist of a single in- 
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termetallic compound. Any one who has worked much with such 
crystals knows that from alloys of different percentage composi- 
tions crystals may be isolated which, while entirely identical in 
form, give very different analyses. The crystals, granting that 
they contain an intermetallic compound, may also contain one or 
other of the constituents of this compound in solid solution. 
This quantity of dissolved substance will be found to increase in 
amount as we approach the alloy whose percentage corresponds 
exactly to the formula-percentage of the intermetallic compound 
under consideration. It seems to have been the custom in the 
past to assign a formula to all crystalline products which could be 
isolated from alloys. The result of this method and others equally 
faulty is that in the literature one may find mention of at least eight 
carbides of iron, while iniron one finds but one. Similarly, some 
fifteen compounds of aluminum with copper and nearly as many 
with molybdenum have been mentioned. Pyrometric evidence 
indicates but two of the former (Al-Cu), while Le Chatelier 
thinks he has microscopic evidence of four ; certainly the latter 
figure is the limit. We have not studied Al-Mo alloys. 


Alloys of Aluminum with Lead, Bismuth, and Cadmium.— 
Aluminum, like zinc, will not mix in all proportions with lead 
or bismuth to form homogeneous alloys, but separates into two 
layers. Unlike zinc, it does not mix in all proportions with cad- 
mium. Dr. Alder Wright has studied several such pairs of met- 
als' and his results show that in every case each of the resulting 
layers of metal consists of a primary constituent holding in solid 
solution a small amount of the other metal of the pair under ex- 
amination. Thus lead and aluminum, after heating together, 
separate into layers, lead, of course, at the bottom containing 0.07 
per cent. aluminum, while the upper layer consisted of aluminum 
containing 1.92 per cent. of lead. Our experiments agree with Dr. 
Wright’s in the main. With regard to the Al-Cd alloys we 
found the top portion to be aluminum and the base cadmium, but 
in the cadmium could be seen bright minute crystals, whose spe- 
cific gravity was less than that of cadmium and hence the crystals 
were found mostly at the junction between the two layers. The 
alloy was slowly cooled. According to Wright, cadmium 
dissolves 0.22 per cent. of aluminum and aluminum dissolves 3.39 

1 J. Soc. Chem, Ind., 1892, p. 492. 
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per cent. of cadmium when these metals are heated in contact for 
eight hours at about 750° C. 

Aluminum and Platinum.— Tissier Brothers state that an alloy 
containing 5 per cent. of platinum approaches in color gold con- 
taining 5 per cent. of silver. We made such an alloy, also one of 
10 per cent. platinum, but were unable to detect any change in 
color. The metals seem to unite chemically and by dissolving 
away the excess of aluminum, long needle-shaped crystals re- 
mained. These gave by analysis, 4.35 per cent. aluminum and 
95.65 per cent. platinum, which corresponds closely to the for- 
mula AlPt,; wedo not state, however, that such a compound 
exists. The freezing-point curves of those series of aluminum 
alloys which have been completely ascertained show that the in- 
termetallic compounds of aluminum are numerous but they also 
lead us to doubt the existence of many of those which have been 
mentioned in the past. When platinum is present in large amount, 
say from 30 to 50 per cent., the alloy is decidedly yellow. Mr. 
George S. Newth showed us some alloy of this kind made several 
years ago in the electric furnace. Indeed, the production of this 
alloy was probably the first instance of acolored alloy from color- 
less or ‘‘ white ’’ metals. In this case we may almost assume 
that the color is an evidence of chemical combination, just as it is 
in Roberts-Austen’s purple alloy, AuAl,. In the formation of 
this beautiful compound the heat evolved during the reaction is 
said to be so great that when once the reaction is started it pro- 
ceeds without application of external heat. 


Aluminum and Tungsten.—As has been known for a long time, 
these two metals readily unite. In working with alloys contain- 
ing from 3 to 17 per cent. tungsten, we obtained in every case 
except one, large, thin monoclinic crystals. Ina single instance 
some very beautiful hexagonal crvstals terminating in hexagonal 
pyramids were obtained. All efforts to obtain a further production 
of these crystals were unsuccessful, except that in one alloy both 
kinds occurred (see Figs. 1 and 2). We were not aware that in 
the chance production of them in these two cases, any peculiar 
conditions were operating which were absent in the instances in 
which only monoclinic crystals resulted. A number of very 
curious chemical properties were noted in studying these crystals. 
The analyses resulted as follows: 
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Monoclinic Tungsten. Aluminum. Possible 
crystals. Per cent. Per cent. formula. 
Sample 1...... ese seeeee 57.1 totais ids 
OY Aatdsine Sealtawee as 57-97 41.97 WAI, 
{  Bineowd nie ote ofepp-cintle 60.43 39.62 ? 


The third sample was in the form of very fine siftings and the 
crystals may have been somewhat acted upon by the dilute hydro- 
chloric acid used in removing the excess of aluminum. 


Hexagonal Tungsten. Aluminum. Possible 
crystals. Per cent. Per cent. formula. 
Sample 4..--..eseeeeeees 50.91 are aire 
$0 Bie wcccs cocosecess 49.19 50.52 WAI, 


Now, whether these are true chemical compounds of the 
formulas given or not, they certainly differ as distinctly in chem- 
ical behavior as they do in crystalline form. ‘The monoclinic 
crystals are readily attacked by aqua regia, while the hexagonal 
ones are not. A mixture of nitric, hydrochloric and sulphuric acids 
is without effect on them and when fused with mixed alkaline car- 
bonate plus a little nitrate in a nickel crucible, the crucible suf- 
fered much more than the crystals. With potassium bisulphate 
they are decomposed with deflagration at a very moderate tem- 
perature. We supposed that this fusion would give a mixture of 
alkali tungstate and aluminate, but were surprised to find that 
upon treating the fusion with water, a white, more or less floccu- 
lent insoluble residue remained. This residue was about as dif- 
ficult to deal with as the original substance. It was insoluble in 
aqua regia, slightly soluble in ammonia, but soluble in caustic 
potash. The monoclinic crystals by fusion with bisulphate gave 
the same white residue. This we believe is somewhat impure 
aluminum tungstate, Al,(WO,),.5H,O. It loses by ignition 10.4 
per cent. water, and one analysis gave 66.3 per cent. tungsten ; 
theory for Al,(WO,), requires 69.17 per cent. 

Aluminum and Nickel.—The most commonly used metal for 
hardening aluminum is nickel. For this purpose, from 2 to 5 
per cent. of nickel is employed, often in conjunction with copper, 
tungsten, and other hardeners. When the combined percentage 
of these hardeners is from 7 to 10 per cent., an alloy is obtained 
which casts exceedingly well and is very tough. We made up 
alloys containing 2.12, 3.14, 4.15, and 7.97 per cent. nickel. 
The first of these contained a few bright crystals, while the last 
consisted of a network of skeleton crystals. On isolating these 
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by the use of dilute hydrochloric acid, beautiful single crystals 
were obtained, each crystal being made up of numberless minute 
dendriti¢ plates. The groundmass in which these crystals lie 
is isomorphous with aluminum and melts at a slightly lower tem- 
perature. An alloy containing 7.97 per cent. of nickel, anda 
single crystalline mass isolated from it, are shown in Figs. 3 and 4. 

Aluminum and Tin.—Heycock and Neville, in their work upon 
the depression of the freezing-point of metals by the presence of 
other metals in them in solution, state that 0.48 per cent. alu- 
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minum gives the lowest freezing-point, vzz., 3° C. below that of 
pure tin. Further additions of aluminum to tin cause a 
rapid rise in the melting-point of the alloy ; ten percent. of alu- 
minum raises the melting-point nearly 300° C. Ourown freezing- 
point curve (Fig. 5) shows that beginning at pure aluminum (1m. p., 
655° C.) the addition of tin causes a gradual lowering of the 
freezing-point up to 74 per cent. tin (570° C.), when there is a 
sudden drop to 80 per cent. tin at 490°, followed by a rise to 85 
per cent. tin at 550° and then a regular fall to the eutectic-point, 
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99.52 per cent. tin (229°). Microscopic examination of this series 
of alloys, while not yet completed, shows grains and dendrites of 
aluminum, or aluminum containing tin in solid solution, in a 
groundmass of tin (containing 0.48 per cent. aluminum). As 
the alloys become richer in aluminum, the grains of aluminum 
increase while the groundmass decreases in amount and disappears 
altogether at about go per cent. aluminum; that is, aluminum 
containing up to Io per cent. tin consists of a single solid solution 
crystallizing isomorphously with pure aluminum. The eutectic’ 
in this series of alloys differs apparently from most eutectics in 
that it has not as yet been resolved into two microscopically visi- 
ble constituents and, indeed, seems to crystallize isomorphously 
with pure tin. It seems like a single solid solution rather than 
two juxtaposited saturated solid solutions of tin in aluminum and 
aluminum in tin which would be expected from analogy with 
other eutectic alloys. The idea of either a pure metal or single 
solid solution constituting a eutectic is not contrary to the defi- 
nition of a eutectic. We wish to work further on this subject. 
The meaning of the sudden break in the freezing-point and curve 
is as yet unsettled. Its existence is even disputed by Anderson 
and McClean (Brit. Asso., Glasgow, 1901). Gautier’s curve, 
while not identical with ours, does show an irregularity in 
the symmetry of the curve between 15 and 25 percent. aluminum. 
We determined the freezing-points between these percentages in 
duplicate and upon different series of alloys made by different 
methods. In all our freezing-point curves, the alloys which we 
actually examined are indicated in the curves by heavy dots 
occurring at the percentage composition of the alloys examined. 
In the same vertical line with these dots, are indicated other 
breaks occurring in the cooling curves at temperatures below the 
initial freezing-point. 

Aluminum and Antimony.—In Richards’ ‘‘Aluminum’’ we 
find a short summary of the conclusions of several workers on 
these alloys. 

Alder Wright’ came to the conclusion that antimony formed 
no commercially valuable alloy with aluminum. He found that 
when antimony is dropped into molten aluminum, it falls to the 
bottom and melts. No combination takes place until they are 


1 For an explanation of cooling curves, freezing-point curves, how they are obtained, 
etc., see Mathews: /. Franklin Jnst., Jan. and Feb., 1902, or Eng. Min. /., Dec. 1901. 
2 J. Soc. Chem. Ind., June, 1892. 
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stirred, when part of them unite and form an alloy which imme- 
diately solidifies on account of its high melting-point. The re- 
mainder stays molten because its melting-point is comparatively 
low. The solidified alloy has the composition 81.6 per cent. 
antimony, 18.4 per cent. aluminum. SbAI is a gray mass with 
an iridescent luster. Its melting-point is above 1000° C. which 
is most remarkable, considering that the melting-points of its in- 
gredients are 625° and 426°, respectively (the melting-points 
should be 655° and 632°). The alloys low in aluminum look 
like antimony, while those low in antimony are somewhat spongy. 
They. all slowly disintegrate in the air and disengage hydrogen 
in water. 

Roche’ confirms the existence of the alloy AlSb with its 
abnormally high melting-point, but he claims that aluminum con- 
taining less than 5 per cent. antimony is malleable and superior 
in hardness, tenacity, and elasticity to pure aluminum. As the 
percentage of antimony is increased, the hardness and tenacity 
diminish until at 10 per cent. antimony, the alloy crystallizes in 
brilliant laminae. The melting-point and ease with which moist 
air attacks thealloy, increase up to 81.6 per cent. antimony, which 
in moist air or water crumbles to a black powder. 

Richards says ‘‘The only useful alloy claimed by Roche is the 
one with less than 5 percent. antimony. This, it is true, can be 
made apparently quite homogeneous, casts and rolls perfectly, and 
is apparently superior in many ways to pure aluminum, as re- 
marked by Roche. But after a few months’ standing it will be 
found that the alloy has disintegrated to such an extent as to be 
worthless, a point which has probably been discovered by this 
time.’’ Our own experience has been the same as that of 
Richards. 

Dr. Gautier, in his paper on the fusibility of metallic alloys,’ 
points out that the curve of fusibility of these alloys is remarka- 
ble since nearly all its points correspond to temperatures higher 
than those of the fusion of the two metals. He says that the 
curve indicates the existence of the compound SbAl, whose 
fusing-point is slightly lower than that of pure copper. 

On repeating this work with a recording pyrometer, we ob- 
tained a ‘‘complete freezing-point curve’’ of the series, which 
shows the lower breaks as well as the points of initial solidifica- 


1 Mon. Sct., p. 265 (1893). 
2 Bull. Soc. d’Enc. [5], 1, Oct. (1896). 
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tion. Our curve differed from that or Dr. Gautier only at the 
point where the maximum occurs: whereas he placed it at about 
85 per cent. antimony, 15 per cent. aluminum, we found it near 
82 per cent. antimony, 18 percent. aluminum. The compound 
SbAI ought to occur at 81.6 per cent. antimony. In the case of 
the alloys containing from 82-95 per cent. antimony we had great 
difficulty in taking pyrometric readings. The pipe-clay casing for 
the thermocouple was found to be quite pervious to part at least of 
the alloy, which by alloying with the platinum spoiled the record. 
On glazing the tube, this difficulty was only partially overcome, 
the method being far from safe. Glass was tried without success, 
for on cooling and solidifying, great strains are set up in the alloy 
and the glass was shattered. We were content to leave this part 
of the curve incomplete for the time being, because our micro-_ 
scopic examination was sufficient to fill in the missing parts. On 
a microscopic examination, these alloys fall into two groups: 

I. 0 to 81.6 per cent. antimony, in which increasing amounts 
of the compound SbAI crystallize out in a groundmass of alu- 
minum, or aluminum containing some antimony in solid solution, 
and having the same structure as pure aluminum. 

2. 81.6 to 100 per cent. antimony, in which we pass from the 
compound SbAI, through a series of alloys composed of crystals 
of the compound in an increasing groundmass till we reach pure 
antimony. The groundmass of this group could not be resolved 
into two constituents and probably consists of antimony contain- 
ing some aluminum (in the form of AlSb) in solid solution for it 
melts 2° lower than pure antimony ;' that is, in the first series 
we have mixtures of aluminum and the compound SbAI, but no 
free antimony ; in the second we are dealing with alloys made up 
of aluminum antimonide and antimony, but no free aluminum. 
The series is remarkable in many ways. When the antimony 
reaches about 60 per cent., the alloys rapidly disintegrate in air 
into a fine powder. Gautier points out that this is due to oxida- 
tion, for if the alloy be weighed before and after disintegration it 
will be found to have gained weight, and if the fresh alloy be 
sealed zz vacuo no change takes place. When the antimony in 
the alloy is between 50 and 85 per cent. a great expansion takes 
place during solidification, and part of the liquid interior of these 
alloys is squeezed out and solidifies as a button on top of the alloy. 


1 Gautier, see ante. 

















262 WILLIAM CAMPBELL AND JOHN A. MATHEWS. 


On examination, this part of the alloy which squeezed out was 
found to contain much less antimony than the original alloy. 
Edmond von Aubel' states that the compound SbAI melts at 
1078°-1080° C., and hasa specific gravity of 4.2176 at 16°/4°, 
whereas the calculated specific gravity is 5.2246. Therefore the 
formation of this compound is accompanied by a relatively large 
increase in volume which manifests itself at the moment of solidi- 
fication. The outer layer in the crucible or mold solidifies, ex- 
pansion takes place, and the still liquid inner portions of the alloy 
are squeezed out in nodular masses. The nodules may in turn 
behave in the same way and a second part be squeezed out of 
their still liquid centers. It would naturally be supposed that 
the formation of these squeeze-buttons would alter the composi- 
tion of the residual alloy so that analyses would have to be made 
of each. However, the largest buttons obtained were from alloys 
containing 60 and 75 per cent. antimony. When micro-sections 
of the buttons were made they corresponded closely with known 
alloys containing 50 and 60 per cent. antimony respectively, and 
the buttons constituted less than 10 per cent of the whole mass. 
By a simple calculation it is found that the residual alloys are 
probably not altered by more than 1 percent. or 1.5 per cent. 
respectively, or at most by 2 per cent. 

From the accompanying freezing-point curve (Fig. 5) it will 
be seen that a rise from aluminum (100 per cent.) to aluminum 
67 per cent., antimony 33 per cent., is followed by a fall to an- 
timony 37 per cent., after which the freezing-point rises uniformly 
to 81.6 percent. antimony. The reason for the irregularity in the 
curve between antimony 33 per cent. and antimony 4o per cent., 
has not been found and the microscopic examination of these alloys 
offers noexplanation. It may be that the difference is one of com- 
position of the crystals, for it was noticed on etching, that the 
crystals in the 33 per cent. alloy were more easily attacked than 
those before or after it. It must be remembered in this connec- 
tion that although the crystals consist primarily of the compound 
SbAI yet that need not be the sole constituent. Crystals iso- 
lated from series of alloys, though identical in form, are usually 
not definite in composition. 

In the accompanying microphotographs examined in connec- 
tion with the freezing-point curve it will be seen how the 

1 Compt. rend., 132, 1266-7 (1901). 
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crystals of SbAl increase toward the alloy whose freezing- 
point constitutes the summit of the curve. In _ those 
containing crystals plus aluminum, the groundmass decreases 
from aluminum roo per cent. to aluminum 18.4 per cent., when it 
disappears ; in those alloys which consist of crystals plus anti- 
mony, the groundmass decreases from antimony 100 per cent. to 
antimony 81.6 per cent. At the percentage corresponding to the 
summit in the freezing-point curve we should have a perfectly 
homogeneous mass consisting of pure crystals of the compound 
SbAI. Our figure, antimony 82 per cent., aluminum 18 per cent., 
shows nearly this condition. These are the two most reliable 
evidences of an intermetallic compound; vz., a summit in the 
freezing-point curve which is afforded by an alloy which solid- 
ifies as a whole to a homogeneous mass at a single definite temper- 
ature. Alloys on either side of the summit consist of crystals of 
the compound decreasing in amount according to the distance 
they occur from the alloy of formula percentage, and disappear- 
ing entirely when the branch of the freezing curve in which the 
summit occurs disappears. 

Fig. 6 shows an alloy containing 5 per cent. antimony, 95 per 
cent. aluminum, magnified 33 diameters and obliquely illuminated. 
Dark crystals of more or less pure SbAI, lath-like in shape, are 
seen in a granular groundmass consisting: of aluminum or alu- 
minum containing some antimony in solid solution. 

Fig. 7 shows the alloy, 25 per cent. antimony, 75 per cent. 
aluminum. Similar to the above, butithe crystals have increased 
in amount and size (33 diameters oblique). 

Fig. 8 shows the alloy, 40 per cent. antimony, 60 per cent. 
aluminum. ‘The dark crystals have become much larger and 
show a tendency toward parallel growth, thus forming large com- 
posite crystals. The groundmass is granular as before (33 diam- 
eters oblique). 

Figs. 9 and 10 show, respectively, the alloy 60 per cent. anti- 
mony, 40 per cent. aluminum, and the squeeze-button resulting 
during the cooling of the original alloy. These and all the other 
alloys of the series are vertically illuminated. In these two, the 
compound appears bright and the groundmass of aluminum dark. 
The groundmass is decreasing rapidly and the crystals are begin- 
ning to interfere with each other, forming large masses of the 
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compound. In the crystals of the squeeze-button we see a num. 
ber of skeleton triangles. 

Fig. 11 is practically pure SbAI plus a little antimony which 
appears bright. 

Fig. 12 shows go per cent. antimony, 10 per cent. aluminum, 
< 33 diameters. It is very friable and difficult to polish, and it 
is almost impossible to get rid of small pittings in the surface. 
Small crystals of SbAlI are seen in a bright groundmass of anti- 
mony. 

Fig. 13 shows 95 per cent. antimony, 5 percent. aluminum, un- 
etched. The crystals are much smaller and more regular than 
those of a 3 per cent. aluminum alloy but not so rainute as those 
of aro per cent. aluminum alloy. Thus in passing from the 
compound SbAI to pure antimony, we find first the compound 
breaking up into very minute crystals, while, as the temperature 
of initial solidification decreases, we find the crystals increasing 
in size, but of course decreasing in number. ‘This is just the re- 
verse of what happens in the alloys on the aluminum side of the 
summit. So far we have found no solvent suitable for isolating 
the crystals. All those tried attack the crystals and even water 
decomposes them slowly. When a solvent is found, the crystals 
from the region of the irregularity in the freezing-point curve 
will be analyzed and their compositions compared. The etching 
of the alloys between 40 and 60 per cent. antimony generates con- 
siderable heat-; in some cases this was sufficient to soften the 
cementing material used to fix the alloy upon glass for photo- 
graphic purposes. 

Aluminum and Copper.—In Gautier’s curve of the melting- 
points of these alloys, we find maxima at about 50 and 88 per 
cent. copper, and minima at 33 per cent., 54 per cent., and about 
92 per cent. Definite compounds certainly occur at the maxima, 
namely Al,Cu, containing 48.4 per cent. copper, and AlCu, con- 
taining 87.6 per cent. copper. The fall in melting-point at 7.5 
per cent. aluminum seems to indicate combination at this point, 
AlCu,= AlCu,+ Cu,. Le Chatelier' has detected our com- 
pounds, vzz., AlCu,, and probably Al,Cu,, AlCu and Al,Cu. He 
prepared the series of alloys by placing molten aluminum on 
molten copper and allowed the two to alloy at the junction and to 

1 The Metallographist, Jan., 1901. 
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diffuse, thus obtaining the whole series of alloys between pure 
aluminum and pure copper. In connection with the drop in 
melting-point of the alloy at 56 per cent. we noticed. also a cor- 
responding irregularity of the specific gravity as compared with 
those alloys which precede and follow it. There is one well- 
marked eutectic (Fig. 14) melting at 535° and extending from 
about 10 per cent. copper to 48 per cent. copper. Between o and 
10 per cent. copper we got a great number of minor points below 
the initial freezing-point, the meaning of which we have not 
determined. That the eutectic does not extend beyond 1o per 
cent. copper is due to the fact that aluminum can hold a consider- 
able amount of copper in solid solution, which copper imparts 
certain advantageous properties to the aluminum. Beyond 50 per 
cent. copper the curve becomes very complicated, and we find 
three rows of subsidiary points indicated in the cooling curves. 
Their meaning will be revealed on microscopic examination if eu- 
tectics, or by a series of quenchings if changes in the solid. 

At 88 per cent. we find a summit, corresponding to AlCu, and 
between this point and pure copper, no lower points on the cool- 
ing curves were observed. Yet the 93 per cent. alloy solidifies 
at a much lower temperature than either AlCu, or pure copper. 
If, as LeVerrier surmises, there is a compound at 93 per cent. 
(or rather at 92.5 per cent. copper), then the alloys between this 
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and AlCu, are solid solutions of one compound in the other, and 
those between 92.5 and 100 per cent. copper aresolid solutions of 
AlCu, in copper. We have only commenced work upon the 
micro-structure of these alloys. We hope ultimately to explain 
all the pointsin this curve which, as yet, are not understood. The 
long line of horizontal points below the eutectic line is as yet un- 
explained. As a basis for further study, we shall consider that all 
thealloys of aluminum and copper belong to three groups as shown 
by our curve: (1) From oto 48.4 per cent. copper, the alloys 
consist of aluminum and Al,Cu,; (2) from 48.4 to 87.6 per cent. 
copper the alloys consist of the compounds Al,Cu, and AICu,: 
alloys within this range contain neither free aluminum nor free 
copper ; (3) from 87.6 to 100 per cent. copper, the alloys consist 
of AlCu, and pure copper. These three pairs of constituents 
mixed or dissolved in various proportions probably compose all 
the possible alloys. The other compounds mentioned by 
LeChatelier seem to give no indications of their existence so far 
as pyrometric evidence is concerned. 
METALLURGICAL LABORATORY OF THE 
ROYAL COLLEGE OF SCIENCE AND 
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ON THE TEPPERATURE REACTION OF OILS WITH SUL- 
PHURIC ACID—MAUMENE?’S TEST.' 


By H. C. SHERMAN, J. lL. DANZIGER AND L,. KOHNSTAMM. 
Received October 28, 1901. 


AUMENE in 1852’ showed that the rise of temperature on 
mixing with strong sulphuric acid is considerably greater 

with drying than with non-drying oils and that the difference 
may be of practical value in testing olive oil for the presence of 
poppy or other seed oils with which it may be adulterated. This 
method has generally been known as the Maumené test. As 
originally described and generally carried out, it consists in 
adding to 50 grams of the oil in a beaker, ro cc. of strong 
sulphuric acid (according to Maumené, 66° Bé.), stirring with a 
thermometer, and observing the rise in temperature. Obviously 
it is essential that the test be always carried out under similar 


1 Read at the meeting of the New York Section of the American Chemical Society, 


June 7, 1901. 
2 Compt. rend., 35, 572. 
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conditions and that the oil and acid have the same initial temper- 
ature, and it is desirable that the beaker in which the test is 
made be so surrounded as to minimize the loss of heat by radi- 
ation. 

Various workers’ have altered the quantities used by Maumené 
or employed more elaborate forms of apparatus for carrying out 
the test but none of these modifications seem to have come into 
very general use, perhaps because the extreme simplicity of the 
original method counts so strongly in its favor. 

In general those oils which absorb more iodine will yield more 
heat on treatment with sulphuric acid, and since the iodine 
absorption can be quite accurately measured by the Hiibl method 
there has been a tendency to regard the Maumené test as being 
of secondary importance in the examination of ordinary oils and 
of use mainly as a rough substitute for the Hiibl method or as a 
preliminary ‘‘sorting test.’’ Lewkowitsch does not include it 
among the ‘‘quantitative reactions.’’ In many cases it is doubt- 
less true that the information to be obtained by the Maumené 
. test is given more accurately by the Hiibl method, but the former 
possesses the great practical advantages of being much simpler and 
more rapid, of requiring no standard solutions or special reagents 
and only such apparatus as is always at hand. Hence if it could 
be made as accurate as the Hiibl method it might often replace 
the latter with considerable saving of time and trouble. More- 
over there are cases in which these methods do not give parallel 
results, and in which after the halogen absorption has been 
determined additional information may still be obtained from the 
Maumené test. 

The errors affecting the Maumené test we believe to arise 
mainly from three sources : 

(1) The secondary reactions which occur when the heat 
generated is considerable; (2) the uncertainties involved in 
diluting the sample with some other oil to prevent too violent a 
reaction; (3) variations in the intensity of the reaction caused 
either by differences in the strength of acid used or in the condi- 
tions affecting the radiation of heat. 

The chief object of the work here described is to throw some 


1 Wiley : Bulletin 13, Division of Chemistry, U. S. Department of Agriculture, p. 443; 
and “Principles and Practice of Agricultural Analysis,” Vol. III, p. 357. Jean: /. Pharm. 
Chim., [5], 20, 337, (1889). Blasdale: /. Am. Chem. Soc., 17, 935 (1895). Richmond : 
Analyst, 20, 58 (1895). 








268 H.C. SHERMAN, J. L. DANZIGER AND L. KOHNSTAMM. 


light upon these sources of error, and to ascertain if they can be 
minimized without sacrificing the simplicity of the original method. 

In all cases we have used the proportions originally suggested, 
50 grams of oil and 1occ. of acid. To reduce the radiation of 
heat the beaker in which the test was made was either packed 
with asbestos in a larger beaker, or one of the smaller of a nest of 
beakers was used, the rest of the nest with the straw packing in- 
tact serving quite as well as the asbestos. The acid was added 
from a pipette of which the tip was drawn down so that the 
delivery of the 10 cc. occupied about fifty seconds. The mixture 
was thoroughly stirred with the thermometer until the maximum 
temperature was reached. 

All of our results are stated as ‘‘ specific temperature reaction’’ 
according to the suggestion of Thomson and Ballantyne ;' that is, 
instead of giving simply the observed rise in temperature (which 
is largely affected by the strength of the acid and other condi- 
tions) this rise is multiplied by 100 and divided by the rise 
observed when 50 grams of water are treated with 10 cc. of the 
same acid under the same conditions. 

In order to have a satisfactory basis for this calculation it is, of 
course, necessary that the 50 grams of water used shall completely 
cover the bulb of the thermometer. This limits the size of the 
beaker which can be used, and hence also the amount of frothing 
which may take place without loss of the determination. A deep 
narrow beaker or large test-tube has sometimes been used, but if 
the reaction is allowed to become so violent as to cause much 
frothing and evolution of volatile products, it is evident that heat 
will be lost. It thus becomes important in testing any but the 
non-drying oilsthat some means be taken to regulate the reaction. 

This is accomplished by mixing the sample with a known pro- 
portion of some comparatively inactive oil. Maumené’, Bishop,* 
Ellis,‘ Jenkins,° and Gill’ have used mineral oil for this purpose. 
Thomson and Ballantyne’ used olive oil and Allen® suggests the 
use of olive or lard oil as a diluent. 


1]. Soc. Chem. Ind., 10, 233 (1891). 

2 Original publication by Imperial Academy, Rheims abs. by Ellis: /. Soc. Chem. Jnd., 
5, 361 (1886). 

3 J. Pharm. Chim., [5], 20, 302 (1889). 

47. Soc. Chem. Ind., §, 150, 361 (1886). 

§ Jbid., 16, 194 (1897). 

6 “ Handbook of Oil Analysis,” p. 47, (1900). 

7 7. Soc. Chem. Ind., 10, 234, (1891). 

8 “Commercial Organic Analysis,’’ Vol. II, Part I, (3rd Edition) p. 79. 
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INFLUENCE OF DILUENTS. 

Mineral oil being cheaper and giving less heat with sulphuric 
-acid than lard or olive oil, is the diluent most often used. Gener- 
ally the sample and diluent are mixed in equal proportions, and 
the rise shown by 50 grams of the mixture is taken to be the 
mean between the rise given by 50 grams of diluent (which has 
been previously determined), and that which would be given by 
50 grams of the sample. 

This method assumes that the specific heat of the diluent is the 
same as that of thesample. Asthe different hydrocarbons which 
may occur in petroleum differ considerably in this respect, and 
some of them have specific heats much lower than those of the 
fatty oils, this assumption can hardly be regarded as free from 
error. The oils used in our own experiments, however, differed 
so little in their specific heats' that any discrepancy which may 
have arisen from this cause seemed negligible as compared with 
the other and greater uncertainties which the method involved ; 
for it was found that whenever the reaction was moderated by the 
addition of mineral oil the result calculated from the mixture was 
much higher than that obtained by treating the same oil directly 
with the same acid. 

Thus using an acid which gave with water a rise of 43°, we 
obtained the results shown in Table I in which the first column 
gives the values obtained by treating 50 grams of the sample 
directly with the acid, and the second column those calculated 
from the rise shown by a mixture of 25 grams of sample, and 
25 grams of mineral oil. To facilitate the stirring of the mixture 
a thin oil (sp. gr. 0.817) was selected. This mineral oil alone 
gave with the acid a rise of 4°. 

TABLE I.—EFFECT OF DILUTION WITH PETROLEUM UPON TEMPERATURE 





REACTION. 
Specific temperature reaction. 
Direct treat- Oil diluted with 
ment of oil petroleum as 
Oil tested. with acid. described above. 
Piaee Oilevscccc ccnecdns alts anceceemenneut IoI 126 
OCUGE Ol ba nc cclccliccs cnccdenesessuaden ences 103 138 
OEM tide eesesisiecwueneesausleamees 114 154 
EN. TIER PCLT CLO CEE CCL. 158 200 
COtLOROERE OF «0 cicscdeeciercnsancueceewaes 167 200 
DOSNEE Olle ccevicecsce + tueaeapwees wamsine ae 176 194 


1 Approximate determinations of the specific heats of some of the samples gave the 
following values: olive oil, 0.493; lard oil, 0.50; raw linseed oil, 0.474 ; menhaden oil, 0.474; 
.the mineral oil used as diluent, 0.50. We hope to extend these determinations later. 
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A few experiments were made in which olive oil, chloroform or 
carbon tetrachloride was used as the diluent, allowance being 
made for the low specific heats of the latter solvents. Although 
the discrepancies were not so great as with the petroleum the re- 
sults obtained were somewhat too high. Olive oil, besides being 
liable to change from exposure, gives of itself sufficient rise with 
sulphuric acid so that only a small proportion of drying oil can 
be tested with it and any errors are multiplied in the calculation. 
The same is true of lard oil which seems to be even more liable 
to variation. With chloroform or carbon tetrachloride the pro- 
portion of drying oil to diluent must be small on account of the 
low boiling-point of the latter. By the use of a sufficiently large 
and constant proportion of a suitable solvent such as carbon tetra- 
chloride, with very accurate thermometric measurements, and 
special precautions to prevent loss of heat, the reaction might be 
put upon a true calorimetric basis.’ Such a method, however, 
would probably be too complicated to take the place now occupied 
by the Maumené test, and it seemed to us that a simpler and 
more satisfactory method would be to use a somewhat diluted 
acid instead of diluting the oil. 

INFLUENCE OF THE STRENGTH OF ACID: USED. 

Thomson and Ballantyne’ found that when the results were 
calculated as ‘‘specific temperature reaction’’ as above described, 
there was no apparent difference between those obtained with 
acids of different strengths, the acids used in their experiments 
being between 95 and 99 per cent. Working with somewhat 
weaker acids (89 to 95 per cent) we find a distinct difference 
according to the strength of the acid, the more concentrated giv- 
ing a higher result although in each case the rise is referred to 
that given by water with the same acid. It is evident that the 
extent of the rise will be determined not only by the strength of 
the acid but to some extent also by the method of manipulation 
and the precautions taken to avoid radiation of heat. It seems 
better, therefore, to state the rise of temperature which an acid 
gives on mixing with water rather than its percentage strength. 
The acids are thus designated in Table II below which shows the 
specific temperature reactions of a number of oils with acids of 
different strengths. 


1 This has been undertaken by Mitchell (Analyst, 26, 169 (1901)), whose paper has ap- 
peared since the above was read. 
2 Loc. cit. 
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TABLE II.—EFFECT OF STRENGTH OF ACID ON SPECIFIC TEMPERATURE 
REACTION. 


Specific temperature reaction with 
acid which gave with water a rise of 





Sample. 33.3°. a7. 40°. 43°. 
Olive Oi]... 2... ceccceccccee go 96 100 103 
BIA OAN 0.000 need weaenee 95 100 108 114 
CaM Ot Gtiiicsc cecractcuneuaena 84 88 89 94 
Lard Oil, I. .cce. cece ccesccee 81 89 g2 95 
Dard OU. Thsccc cscs cess seseee 88 95 99 IoI 
Arachis (peanut)......+..+0- 161 aa HF 176 
Rape ae juewa au tiemene 144 ar 160 ou 
Cottonseed  Oilcisccecicvcccesse 152 ue “a 167 
CS | ACES Ie 143 a ns 158 
Sperm Oil...-.sesseseeeecees 102 106 ae Ill 
WGmitt Giles oes cewce wconeecces 72 ~s we 72 


It will be seen that with all of the fatty oils examined the 
specific temperature reaction became higher as the strength of 
the acid was increased from 89 to 95 per cent. The differences 
seem to be as great with the non-drying as with the semi-drying 
oils. The sample of resin oil showed no difference. 


SPECIFIC TEMPERATURE REACTION WITH DILUTED ACID. 


It is evident that the use of an acid of 89 to go per cent., giving 
with water a rise of 33° to 34°, will usually yield results some- 
what lower than would be obtained with acid of 95 to 99 per 
cent. as used by Thomson and Ballantyne. It is believed, how- 
ever, that the figures obtained with the weaker acid will be more 
uniform since the temperature rises more steadily and there is 
less frothing and evolution of sulphur dioxide than when the 
stronger acid is used. The secondary reactions and the errors 
arising from inaccuracy in reading a rapidly changing tempera- 
ture are thus considerably reduced. The great advantage, how- 
ever, is that the simple method heretofore used in testing the 
non-drying oils can, with the diluted acid, be applied to all oils 
alike and the results obtained with the drying and non-drying 
oils become comparable with each other. Table III shows the 
results obtained with 89 per cent. acid upon several samples of 
oils of which the specific gravities, Hiibl figures, and acidity are 
also given. 
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TABLE III.—SPECIFIC TEMPERATURE REACTIONS OF OILS WITH SULPHURIC 





ACID. 
Specific 
gravity. Free acid Specific 
15.5° Hiibl as oleic. temperature 

No. Description of oil. 15.5° figure. Percent. reaction. 

I. Linseed (raw), 1900---+++. 0.934 182.4 4.30 300 

2. Linseed (raw), 1898....... 0.938 175.9 1.22 298 

3. Poppyseed, age unknown.. 0.926 129.6 2.66 212 

4. Peanut (arachis), 1899 .--- 0.917 105.9 0.16 161 

5. Maize, 1900..-..--+ee eee. 0.924 120.3 3-32 158 

6. Maize, 1898....-.--.seeeee 0.926 120.7 2.56 168 

7. Rape, age unknown....... 0.920 108.6 0.68 155 

8. Rape, IQ0I-..-.-eeeeeeeeee 0.920 107.4 0.82 144 
_ 9. Cottonseed I, Igo0........ 0.920 102.5 0.20 147 
1o. Cottonseed II, 1g00........ 0.921 106.4 0.32 157 
11. Cottonseed III, 1900....... 0.923 105.5 0.08 152 
12, Cottonseed, old........... 0.926 103.0 0.44 197 
13. Cottonseed, very old...... 0.941 93-7 2.03 245 
14. Sesame, 1899....--.--.-06- 0.924 105.3 1.65 143 
15. Almond, 1898.........+--- 0.919 98.1 5-13 95 
16. _ Olive, 1899--+++2+eeeeeecee 0.917 85.1 2.51 go 
17. Castor, 1898......seeeeeee- 0.964 86.9 2.18 84 
18. Menhaden, refined........ 0.935 cess 0.36 309 
19. Menhaden, crude, 1899---- 0.934 sees 1.92 356 
20. Codliver, 190I -.----++e+-- 0.926 149.6 sees 280 
21. Codliver, 1900 «..-++...+0.- 0.927 165.6 0.56 259 
22. Seal, IQOI--+---ee cece eens 0.926 140.6 eee 255 
23. Lard oil, 1900----..+..+s-- 0.917 74.3 0.74 81 
24. Lard oil, 1899...--.....-- 0.919 72.5 1.25 88 
25. Lard oil, 1897.--.+..+.+--- 0.924 69.3 2.34 122 
26. Sperm oil, age unknown... 0.886 78.7 0.78 102 
27. Resin oil, age unknown... 0.989 76.9 14.40 72 


The samples marked ‘‘ 1900’’ were obtained directly from the 
makers and were undoubtedly pure and reasonably fresh. The 
other samples were purchased from responsible dealers in the 
years indicated, and are believed to be pure. Numbers 12, 13, 
and 25 are examples of oils exhibiting some abnormality which 
is much more strikingly shown by the temperature reaction than 
by the other determinations. As each of these samples is some 
years old and has a high specific gravity it is probable that they 
had become somewhat oxidized by exposure. These three sam- 
ples are omitted from the averages given below. 

COMPARISON OF ABOVE RESULTS WITH THOSE OF THOMSON AND 
BALLANTYNE. 
Table IV shows in parallel columns the averages of the deter- 




















DETERMINATION OF MOLYBDENUM IN STEEL. 273 


minations of specific temperature reaction published by Thomson 
and Ballantyne,’ who have done most toward putting the test 
upon a satisfactory basis, and those obtained by us as described 
above and shown in detail in Table III. 


TABLE IV.—COMPARISON OF AVERAGE RESULTS—SPECIFIC TEMPERATURE 











REACTION. 

Thomson and Ballantyne. Table III above. 

No. of samples Average No of samples Average 
Description of oil. examined. figure. examined. figure. 
Linseed (raw) ---..+ssee.. 4 315 2 299 
Poppyseed..--seseseseceee oe eee I 212 
MEM i orcs wie acca we nee eee tae “ws 2 163 
Cottonseed .....-eececeee 3 167 3 152 
Rape Galen eee aie te eae oe 5 133 2 150 
Peanut (arachis)........+. 2 121 I 161 
GRABER o.ckscac Barioine cianiees I 143 
Almond .....sececeseecees oe I 95 
CE a sicinlne 4a cna heer ean II 92 I go 
CAStOE-+ ccccccccescccccs 2 gI I 84 
Menhaden...... +22 sesees I 306 2 333 
COGNVEEs 6 csc cccveesccneee 3 254 2 270 
ies so sick’ ars aiaiste neve aaa 4 222 I 255 
WHEE oc. éceisieccseccdesevs I 157 coe 
Wate Obs oo derceae. socsinew ec a es 2 85 
Sperm Oi] ......esssecsees I 100 I 102 
Arctic sperm......s.eeeeee I 93 
RoSin Oi] «0.02 cecesccvccee ve eee I 72 


With most of the vegetable oils the results obtained by us with 
the diluted acid are slightly lower than those reported by Thom- 
son and Ballantyne, while with the few animal oils compared our 
results are a little the higher. In general the agreement between 
the two sets of results is sufficiently close to indicate that the 
adoption of the modification here used involves no radical de- 
parture from what has heretofore been considered the best prac- 
tice. 





A NOTE ON THE DETERMINATION OF FMOLYBDENUS1 IN 
STEEL.’ 


By GEORGE AUCHY. 
Received January 23, 1902. 


P to asain the analyst has not often been called upon to 
determine molybdenum in steel, but in the future this de- 


termination will be frequently made. To steel works chemists 
1 Loc. cit. 
2 Read at the meeting of the Philadelphia Section of the American Chemical Society, 
January 16, 1902. 




















274 GEORGE AUCHY. 


accustomed to determining phosphorus indirectly from the volu- 
metric estimation of the molybdic acid in the yellow precipitate 
by zinc and permanganate, this would seem to be the easiest and 
simplest way also of determining molybdenum in steel ; first, of 
course, separating the molybdenum from the iron by ammonia or 
soda. The point to be settled is: Can the molybdenum be com- 
pletely separated from the iron by one precipitation with ammonia 
or caustic soda ? 

It will be found upon trial that the use of ammonia in only 
moderate excess, at least, is entirely out of the question. But 
the following results indicate that caustic soda answers sufficiently 
well for practical purposes, though not perfectly. Perfect sepa- 
rations by this reagent were, however, obtained by Ibbottsen and 
Brearly.' In these tests the molybdenum was determined grav- 
imetrically in an aliquot part of the filtrate. 

Per cent. Per cent. Per cent. Per cent. 
Molybdenum present..........- 5.23 5.23 5-23 5.23 
Molybdenum found ............ 5-26 5-14 5-18 5.22 

In the following, the molybdenum in the filtrate was determined 
volumetrically—zinc and permanganate. 

Molybdenum present. Molybdenum found. 


No. Per cent. Per cent. 
I cccccccce coccccccces 5-23 5-14 

2 cvce ccwcccccccccccces 5.23 5.14 

ZB ccccceccccccccccce ces 1.05 1.07 

A csseiccceesesivicscece.e 2.10 2.11 


The writer proceeds as follows: Not more than 1.308 grams of 
steel are treated with a large excess of strong nitric acid and a little 
potassium chlorate (if chromium is also present, as is usually the 
case); the nitric acid is evaporated off, boiled with strong hydro- 
chloric acid, and evaporated to dryness to separate silica; again taken 
up with strong hydrochloric acid and evaporated to first appear- 
ance of scum. Then 5 cc. strong hydrochloric acid, diluted to 20 
cc. with water, are added and heated to effect complete solution. 
The volume of the liquid is made up to 50 cc. and poured, little 
by little, with shaking, into 20 grams caustic soda dissolved in 
100 cc. water in a 12-ounce Erlenmeyer flask, provided with a file 
mark at 300 cc. The liquid is diluted to this mark and mixed by 
shaking around in the flask, allowed to settle, and filtered into a 
250 cc. measuring flask, until it reaches the mark. Then trans- 
1 Chem. News, 82, 2137. 
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ferred to a beaker, acidified with sulphuric acid, boiled down to 
less than 100 cc., and finished as in phosphorus determinations, 
by reducing with zinc, and titrating with permanganate. 

The blank or dummy test is a highly important one. It must 
be done on a molybdenum-free steel in exactly the same way as 
the test: the same amount of hydrochloric acid and the same 
amount of chromium. Both the hydrochloric acid and the chro- 
mium affect the dummy, the former very greatly, and the latter 
slightly. 


Permanganate. 
cc. 
Dummy test, without hydrochloric acid.....-.....++++++- 0.6 
Dummy test, with hydrochloric acid.......+-+.+seeeeeeee 1:2 


Below are results obtained by use of the latter dummy result 
(chromium not added) in steels containing same amount of chro- 


mium as molybdenum. 
Molybdenum present. Molybdenum found. 


No. Per cent. Per cent. 
f dcvseoss ceeetet evens 1.05 1,12 
pA rt EEE ere 2.61 2.65 
Boece cree ceeeceecevens 5.23 5.35 


Although the most of the chromium is precipitated with the 
iron, it would seem from these results that enough passes into 
solution to slightly affect the end-point of titration. Hence the 
necessity for its presence in the dummy test. 

In the gravimetric method the first lead molybdate precipitate 
is always contaminated with a little chromate. 


LABORATORY OF HENRY DISSTON & SONS’ STEEL WORKS, 
PHILADELPHIA. 





PRELIMINARY NOTE ON A NEW SEPARATION 
OF THORIUM. 


By FLoypD J. METZGER. 


Received January 6, 1902. 

N an investigation still in progress, attention has been par- 

ticularly directed to the use of the weaker organic acids 
for the separation of thorium from cerium, lanthanum, and di- 
dymium, and it is in this field that it is desired to announce some 
preliminary results. 

It is found that from a 4o per cent. alcoholic solution, thorium 
is precipitated quantitatively on the addition of fumaric acid, 
while no change is produced by that reagent in cold solutions of 
cerium, lanthanum, or didymium. 
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The experiments already made show that a good quantita- 
tive separation of thorium from these elements can be based 
upon this reaction. When thorium is precipitated in this manner 
in the presence of either cerium, lanthanum, or didymium, traces 
of the latter elements are carried down, but may be removed by 
a single reprecipitation. It is intended to compare this method 
with those at present in use for the analysis of monazite. 

A number of other weak organic acids are being investigated 
along the same lines, and several of these show interesting re- 


sults. 
QUANTITATIVE CHEMICAL LABORATORY, 
COLUMBIA UNIVERSITY. 





NOTE. 


Reinsch’s Test for Arsenic.—To obtain a black deposit upon a 
piece of copper is a comparatively easy matter; to prove that this 
deposit is due to the presence of arsenic is perhaps more difficult. 
In place of the usual glass tube, Sheridan Delépine’ recommends 
a ‘‘thimble-shaped copper cone’’ half an inch high, inserted 
through a hole in a thin iron plate, the sublimate of arsenious 
oxide being formed on a microscope cover glass. The following 
simplified form of the above arrangement I have found extremely 
convenient for the detection of very minute quantities of arsenic. 

In the center of a piece of sheet copper an inch or so square, a 
small depression is punched, an eighth of an inch deep and of 
about the same diameter. The arsenic is deposited from solution 
on a little piece of copper a few millimeters in area. After being 
washed and dried, the little piece of blackened copper is placed in 
the depression in the sheet metal. A microscope cover glass, 
having a drop of water on its upper surface, is now placed over 
the miniature copper crucible, and the latter is then gently heated 
ever a very small flame. When examined under a high power of 
the microscope, the crystals of arsenious oxide may sometimes 
be seen even when no sublimate is visible to the naked eye. 
Careful attention to the illumination is, of course, necessary. 


UNIVERSITY OF MANITOBA, 
WINNIPEG. EpGAR B. KENRICK. 


1 Abstract in_/. Soc. Chem. Jnd., March, Igor. 























NEW BOOKS. 
ON THE COMPOSITION OF DUTCH BUTTER. By Dr. J. J. L. VAN RYN. Lon- 
don: Balliére, Tindall and Co. 1902. 55 pp. 

Samples of pure butter from Holland having been declared by 
English chemists to be mixtures of butter and margarine, the 
Netherlands government directed Dr. van Ryn to make an in- 
vestigation of the variation in chemical composition of Dutch but- 
ters known to be genuine, in order to ascertain the cause of the 
abnormal composition. 

In the first portion of his treatise, the author discusses the 
characteristics of pure butter, especially with reference to the per- 
centage of volatile fatty acids as represented by the Reichert- 
Wollny number. He calls attention to the various factors in- 
fluencing this number, such as advance of lactation, food, environ- 
ment, etc., stating the views of various authorities. 

The second portion of the paper gives the detailed results of 
his investigation. * Samples of butter were obtained during the 
months of September, October, November, and December, from 
thirteen different herds, varying in size from 3 to 144 cows each, 
and from twelve different creameries. It was during the fall 
months that Dutch butters had been found abnormal. The 
author gives statements as to number, breed and age of cows, 
dates of calving, nature of soil, kind of food, and date of stabling. 
The tabulated analytical results are given under the heads of re- 
fraction, specific gravity, volatile acids (Reichert-Wollny ), insol- 
uble and soluble acids (Hehner), saponification number (Koetts- 
torfer), and iodine number (Hiibl). 

The volatile acid number was found to be the best factor to use 
in studying changes of composition. The following statements 
indicate the most important results reached : 

1. Of 428 samples of pure butter examined, just one-half fell 
below 25 in respect to the volatile acid number, this figure being 
the lowest limit accepted in England for pure butter. Nearly 
10 per cent. of the samples were below 22. 

2. The amount of volatile fatty acids began to decrease in 
September, and reached its lowest point in October, after which 
it rose gradually, as indicated by the following monthly averages : 
September, 24.8; October, 23.7; November, 25.2; December, 
26.6. 
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3. The author concludes that the abnormal chemical composi- 
tion of Dutch butter during the autumn is largely due to the fact 
that the farmers leave their cows in pasture until late in the year, 
subjecting the animals to the combined adverse influences of poor 
food and inclement weather. When cows are stabled earlier and 
well fed, this abnormal composition is not observed. 

L. L. VAN SLYKE. 
THE MANUFACTURE OF ALUM AND THE SULPHATES AND OTHER SALTS OF 

ALUMINA AND IRON. By LUCIEN GESCHWIND. New York: D. Van Nos- 

trand Co. Igor. 8vo. Cloth. 387 pp. Illustrated. Price, $5.00. 

Since so little has been written concerning the technology of 
these subjects, this book is an important addition to this litera- 
ture. The author has gathered much information about the 
chemical properties of iron, aluminum and their compounds, which 
makes this book valuable as a handbook by giving the chemist 
easy access to information without having to search through 
volumes to obtain it. 

If, however, the author had given more aftention to the pro- 
cesses of manufacturing, this book would have been very much 
more valuable. The methods of making alum, sulphate of alu- 
mina, and sulphates of iron from shale, have, in this country, only 
an historical interest. American manufacturers would not think 
of operating a sulphate of alumina works according to the 
methods, which, the author states, are carried on in France. 

The book is divided into four parts ; v7z., first, a theoretical 
study of iron, aluminum and their compounds; second, the 
manufacture of the sulphates of iron and aluminum ; third, the 
uses of the sulphates of iron and aluminum ; fourth, analysis of 
iron and aluminum. 

A review is given of many of the different methods which have 
been employed and are now used to obtain aluminum, but the 
Hall process, which has made cheap aluminum possible, and 
which is the most important method used, is not even mentioned. 

As indicated above, the methods mentioned for making alumi- 
num sulphate are not up to date. The grinding of only 400 
pounds of bauxite to 60 mesh per hour is quite insufficient. Stir- 
ring a mix by hand is too expensive, and the new method em- 
ployed at the Noyen works is not the best that could be used. 
The American trade requires a sulphate of alumina containing 
17.5 per cent. Al,O,, of which 1.5 percent. is basic. Sucha cake 
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can be far more readily ground than the one Geschwind described 
containing 16 per cent. Al,O,. 

In the chapter describing the method of purifying aluminum 
sulphate, it is stated that the introduction of zinc sulphate is dis- 
advantageous. On the contrary, it is very advantageous with 
animal-sized paper, and is specifically required by many paper- 
makers in this country. If the author had included American 
practice, this chapter would have been much more interesting. 

‘The method described for making crystal alum is essentially 
the same as that used in this country. The figures which are 
given are of much interest to any alum-maker. 

The method given for analyzing bauxite for alum purposes is 
open to criticism. It will give too high results. The method of 
attack used in analysis to determine the alumina available for 
alum-making, should as nearly as possible correspond to the reac- 
tion which takes place in the mix tank. 

The chapter on the uses of the sulphates is very interesting 
and instructive. No one who is interested in these manufactures 
should be without this book. 

Notwithstanding its omissions the book is of sufficient impor- 
tance to make it very valuable to those engaged in these manu- 


factures, and to the chemical student. 
C. D. VREELAND. 


VORLESUNGEN UEBER THEORETISCHE UND PHYSIKALISCHE CHEMIE. 
ERSTES HEFT—DIE CHEMISCHE DYNAMIK. By J. H. VAN ’T HOFF. 
Second Edition. Rraunschweig: F. Vieweg und Sohn. 1901. xi-+ 251 
pp. Price, 6 M. 

Hardly three years and a half have elapsed since the appear- 
ance of the first edition of this part of the ‘‘ Lectures.’’ Its rapid 
succession by a new edition—or rather, a reprint—bears eloquent 
testimony, if any had been needed, to the conspicuous merits of 
the work. In this part of the subject, dealing with chemical 
equilibrium and reaction speed, the author is particularly at home, 
for references to his own or his pupils’ investigations appear in 
almost every section. Whether we consider the original arrange- 
ment of the material or the masterly handling of the details, the 
book must be declared eminently successful. The characteristics 
of the treatment are so familiar to those who possess the first edi- 
tion, or the English translation by Dr. Lehfeldt, that they need 
not be described here. In the present edition the only change, 
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beyond merely verbal ones, which we have noticed, is the omis- 
sion of about a page dealing with Mallard and Le Chatelier’s 
theory of the speed of propagation of combustion in gases. It is 
unfortunate that the statements in regard to the work of Helier 
and of Pelabon (pp. 207 and 232) on false equilibria have not 
been modified in view of Bodenstein’s conclusions published two 
and a half yearsago. It appears, however, from the preface that 
the revision was completed before that time, so that recent work 
of importance had to remain unnoticed. Besides the work does 
not profess to be exhaustive and the selection made presents all 
the types most admirably. ALEXANDER SMITH. 


THE CHEMICAI, ESSAYS OF CHARLES WILLIAM SCHEELE. Translated from 
the transactions of the Academy of Sciences at Stockholm with additions. 
First published in English by J. Murray, 32 Fleet St., London, in 1786. 
With a sketch of the life of Karl Wilhelm Scheele, by John Geddes Mc- 
Intosh. Reissued by Scott, Greenwood & Co., 19 Ludgate Hill, London, 
E.C. Igol. xxx-+294pp. 8vo. Price, 6 shillings. 

The first collection of the chemical essays published by Scheele 
in the Memoirs of the Royal Academy of Sciences, Stockholm, 
was issued at Dijon in 1785, and filled two small volumes ; the 
translation from the Swedish and the German (for Scheele wrote 
and published in both languages) was made by Madame Picardet, 
and her manuscript was revised by the prominent chemist Guyton 
de Morveau. It is interesting to note that the lady afterwards 
became Madame de Morveau. 

Then appeared the English edition of 1786 named in the title- 
page of the book under review ; this was followed by a Latin 
edition by E. B. G. Hebenstreit (Leipzig, 1788-1789), and finally 
by a German edition edited by S. F. Hermbstadt, published at 
Berlin in 1793, and reissued in 1891. As Scheele died May 21, 
1786, the only one of these collections published in his lifetime 
was the French edition of 1785. 

None of these contain, however, one of Scheele’s most important 
researches ‘‘On Air and Fire,’’ in which he describes the dis- 
covery of oxygen; this appeared in German, at Upsala and Leip- 
zig in 1777 ; an English translation (with notes by Richard Kir- 
wan and Joseph Priestley) followed in 1780. Finally in 1892, 
A. E. Nordenskidld published, at Stockholm, Scheele’s ‘‘ Nach- 
gelassene Briefe und Aufzeichnungen,’’ a sumptuous volume of 
491 pages royal 8vo, illustrated with portraits and facsimiles. 
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Scheele’s remarkable discoveries are well known, their chrono- 
logical sequence is approximately as follows : 

1770, tartaric acid ; 1771, hydrofluoric acid ; 1774, chlorine, 
oxygen, and barytes ; 1775, benzoic and arsenic acid ; 1776, uric 
acid ; 1777, sulphuretted hydrogen ; 1777, action of light on silver 
salts ; 1778, arsenite of copper, ‘‘ Scheele’s Green,’’ molybdic 
acid ; 1779, composition of graphite ; 1780, sugar of milk, lactic 
acid, mucic acid ; 1781, composition of ‘‘ scheelite,’’ tungstic acid; 
1783, glycerin, prussic acid ; 1784-1785, citric, malic, oxalic and 
gallic acids. 

And the poor apothecary, who accomplished all this in fifteen 
years, died before he was 44 years of age ! 

The reprint under review exactly reproduces the contents of 
the original edition, which does not contain a complete list of 
Scheele’s papers; the new work might have been made more 
valuable by including additional treatises, notably those on air 
and fire. 

In arranging the chronological list of Scheele’s discoveries, the 
reviewer assigns 1774 as the date for the isolation of oxygen, 
though he is aware that Scheele’s biographer, Nordenskiold, en- 
deavors to prove that the gas was known to the Swedish chemist 
before 1773. 

Scheele’s essays are written, of course, in the language of the 
phlogistic theory, and this in some measure obscures their real 
meaning, when read by chemists of the present day. But by re- 
writing a paragraph or two in modern style, carefully avoiding 
later knowledge, it is interesting to note how clearly Scheele ex- 
pressed himself. 

The publishers of this reprint have done their part well, making 
a handsome volume; the editor has supplied a rather scanty biog- 
raphy, without a bibliographical note or comment, omitting all 
reference to the facts mentioned in the volume by Nordenskiold. 
The reprint would have been increased in value by the addition 
of a portrait of the Swede. The volume has an index. 

HENRY CARRINGTON BOLTON. 


ANNUAIRE POUR L’AN 1902, PUBLIE PAR LE BUREAU DES LONGITUDES. 
16mo. 700 pp. Paris. 1902. Price, 1 fr. 50 c. 
This volume differs from its well-known predecessors in con- 
taining revised tables of coinages, the census of Europe made in 
1900, articles on wireless telegraphy by Poincaré, on polyphase 
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currents by Cornu, on the decimal division of the quadrant by 
Guyon, and on the Mont Blanc observatory by Janssen. ‘The 
tables of electrochemical equivalents are well done, and there are 
many tables on heat, sound, light, and electricity, which might be 
occasionally referred to, and which are in the main reliable. The 
first half of the book is devoted to the annual discussion of 
calendars and astronomical data. J. W. RICHARDS. 


THE DYEING OF COTTON FaBRics. A Practical Handbook for the Dyer 
and Student. By FRANKLIN BEECH. 44 illustrations. Price, $3.00. 
This is a practical handbook, very well adapted for the use of 

the dyer and the student. Two hundred and sixty-eight pages 
devoted to a description of thisimportant industry cannot, of 
course, exhaust the subject, and Mr. Beech tells us in the preface 
that such was not his intention. Though brief, the book is suf- 
ficiently detailed for the so-called ‘‘practical man’’. The purely 
chemical side of the subject has received scant attention, as might 
be expected. - 

The processes described are modern but the addition of 
descriptions of some of the newer methods of bleaching is 
necessary in order to bring the subject down to date. In 
the chapters on the principles and the practices of dyeing, the 
author gives a large number of receipts for obtaining various 
shades. Probably many useful hints may be culled from these, 
though their value would have been considerably enhanced by 
the addition of information as to the makers of the various 
colors used. The chapters on dyeing, however, treat the subject 
very satisfactorily. 

The book is lucidly written, well printed, well illustrated and 
well bound, and it has a good index. C. W. PARMELEE. 
MODERN CHEMISTRY. PART FIRST, THEORETICAL CHEMISTRY. 126 pp. 

PART SECOND, SYSTEMATIC CHEMISTRY. 203 pp. By WILLIAM RAM- 

say, D.Sc. The Temple Cyclopaedic Primers. London: J. M. Dent & 

Co. 1900. Price, 1s each. 

It is difficult to decide for what class of readers these books are 
intended. Persons unacquainted with chemistry would certainly 
have great difficulty in understanding them, while chemists would 
not naturally turn to a primer for information. 

In these little volumes, an examination discloses, however, an 
adequate, though condensed, presentation of theoretical and syste- 
matic chemistry. Their size alone, justifies the use of the title 
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‘primer. While the compounds of carbon and the compounds of 
some of the less important elements receive but little attention, 
no theory, no formula, no fact has been omitted out of considera- 
tion for the youthful mind, that is supposed to be most in need 
-of elementary instruction. The theory of ionization is freely 
used, adding to the freshness, which characterizes the systematic 
portion of the text. Descriptions of experiments, and illustra- 
tions, are seldom given, and are not needed by the class of readers 
to which these books are suited. Students who have already 
gained an acquaintance with the elements of chemistry, will find 
them helpful, but for beginners their fitness is questionable. 
L. B. HALL. 

INDUCTION Coils. By H. S. NORRIE (Norman H. Schneider). Second 

edition. New York: Spon and Chamberlain. 1901. xvi+270 pp. 13X17 

em. Cloth. Price, $1.00. 

This book, which is a revised and enlarged edition, contains 
fairly detailed, practical directions for making and operating the 
various types of induction coilsin common use. The important sub- 
ject of contact breakers is treated in a special chapter. The volume 
contains additional chapters on spectrum analysis, currents zz 
vacuo, batteries for running coils, Tesla and Hertz effects, 
Roentgen rays, and wireless telegraphy. The chapter on spectrum 
analysis is introduced into the book in a very artificial manner. 
It is very inadequate and not free from error. . Thus on page 135 
we read, for instance, ‘“The spectrum of hydrogen gives two very 
bright lines of red and orange.’’ The book gives evidence 
throughout, that it has been written for the amateur. Rules for 
doing certain things are laid down without indicating the under- 
lying principles ; and when a feeble attempt at scientific explana- 
tion is made, the author frequently clearly demonstrates that he 
does not himself possess a firm grasp of the principle involved. 
Thus, for example, on page 180 in explaining the polarization of 
a Leclanche cell is this statement, ‘‘a film of hydrogen, which is 
a poor conductor, forms over the negative plate, increasing the 
internal resistance of the cell and setting up local action.’’ It is 
impossible to go into further details here ; but it naturally follows, 
that because the author is not always clear in his own mind as to 
the underlying principles, his directions for doing things are not 
-always the best. 

The induction .coil isan important piece of apparatus in the 
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chemical laboratory. Its use is steadily increasing. The chemist 
may at times find some helpful suggestions in the chapters on 
coils and their use contained in this book. 

Louis KAHLENBERG. 


LECTURES ON THE HISTORY OF THE DEVELOPMENT OF CHEMISTRY SINCE 
THE TIME OF LAVOISIER. By DR. A. LADENBURG. Translated from the 
second German edition, by Leonard Dobbin. (With additions and correc- 
tions by the author.) Edinburgh: Published by the Alembic Club. Wil- 
liam F. Clay, Edinburgh, Agent; Simpkin, Marshall, Hamilton, Kent, & 
Co., Ltd., London agents. I900. 12mo. xvi -+ 373 pp. 

Since the appearance at Leyden, in 1561, of the little 46-page 
16mo. by Robert Duval, entitled ‘‘ De veritate et antiquitate 
artis chemicae,’’ commonly regarded as the first history of chem- 
istry, this topic has been the subject of a score or more of volumes, 
differing greatly in scope and method of treatment. Duval’s 
essay contains sentences and paragraphs from genuine and many 
fictitious writings by theologians, physicians, poets, and philoso- 
phers thought to be pertinent. This early attempt was followed 
about one hundred years later by the ‘‘ De ortu et progressu 
chemiae dissertatio’’ of Olaus Borrichius, a curious example of 
the extravagant credulity of a learned man; but it was not until 
the very end of the eighteenth century that the history of chem- 
istry was attacked in a serious way by the distinguished chemist 
J. F. Gmelin, who produced an unwieldy, badly arranged work in 
three volumes. 

These were followed by the sketchy volumes of Thomas Thom- 
son (London, 1830), the systematic work of Ludwig Franz Bley 
(Halle, 1834), and the comprehensive study of Ferdinand Hoefer 
(Paris, 1842, 2 vols.). Then appeared the erudite, exhaustive, 
four-volume ‘‘ Geschichte der Chemie’’ of the scholar Hermann 
Kopp, which has proved an indispensable mine of information to 
nearly all its successors. 

Two French historians have shown marked national bias; 
Béchamp’s ‘‘ Lettres historiques’’ (Paris, 1876) are dedicated to 
the memory of Lavoisier ‘‘ unjustly outraged by the German 
chemists Kolbe, Liebig and Volhard ;’’ and Jagnaux’s ‘‘ Histoire’ 
(Paris, 1891, 2 vols.) is avowedly written to demonstrate the 
truth of the phrase used by another Frenchman: ‘‘ Chemistry is 
a French Science.”’’ 

Berthelot, the eminent chemist who also held a position in the 
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French Cabinet, gave to historians new and valuable material in 
his six quarto volumes on the ancient Greek alchemists, and the 
writers of the middle ages, but the most carefully written general 
history of recent date isthat of Ernst von Meyer (Leipzig, 1889), 
and that of A. von Ladenburg, which is now under review in its 
English dress. 

This is not a history of chemists and their labors but a philo- 
sophical study of the growth of the science since the period when 
Lavoisier placed it on a firm basis ; the author magnifies the part 
played by Lavoisier, shows the origin of the false claim made for 
Wenzel, does justice to Richter who introduced the term stoichi- 
ometry, points out that the atomic weights of Dalton were rather 
arbitrarily ascertained, though he says nothing to belittle his 
genius. 

The fact that the matter is presented in lecture form has its 
advantages, and assists the author in his attempt to follow the 
development of our present ideas from those that were formerly 
current; while written concisely, the student can pursue given 
topics more thoroughly by referring to the many treatises and 
articles named in foot-notes. 

As thirty years elapsed between the first publication of the 
work in German and the appearance of this English translation, 
Dr.von Ladenburg has added another chapter, bringing the history 
down to date. In this he does justice to the labors of Gibbs, 
Ostwald, and van’t Hoff in developing the physical aspect of chem- 
istry, the ionization theory, and the advance made in electrochem- 
istry. Dr. von Ladenburg’s lectures are altogether the strongest 
writings on the development of the recent aspects of chemistry, 
and are recommended to readers seeking an adequate presentation 
of this subject. 

The English translation is admirable; we notice, however, a few 
blemishes in proof-reading ; ¢. g., ‘‘ Mon-atshefte,’’ and 1771 for 
the date of Priestley’s discovery of oxygen. The indexes to names 
of persons and to subjects are in distinct alphabets, an arrange- 
ment the advantages of which are not evident. 

HENRY CARRINGTON BOLTON. 
EXPERIMENTS ON LOSSES IN COOKING],MEaAtTs. By H. S. GRINDLEY. 


Bulletin No. 102, U. S. Department of Agriculture, Office of Experiment 
Stations. Washington: Government Printing Office. 64 pages. 


This pamphlet gives the results of investigations carried out in 
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the laboratories of the University of Illinois in the years 1898-- 
1900, and is one of a series of similar publications sent out from 
the Office of Experiment Stations. Many of these publications 
have to do with the broad question of the practical nutrition of. 
man and in this interesting bulletin the results of about twenty- 
five complete experiments on the losses resulting in cooking 
meats,in different ways are detailed. The methods of analysis 
employed are also given when necessary, which adds to the value: 
of the pamphlet for those engaged in similar researches. 
J. H. Lone. 

THE PRACTICAL, METHODS OF ORGANIC CHEMISTRY. By LUDWIG GATTER- 

MANN, PH.D. Translated by W1L1,1AM B. SCHOBER, PH.D. Authorized 

translation. The second American from the fourth German edition. 

New York : The Macmillan Co. tg01. xv +359 pp. 

This book is so well known in the original that the second 
English edition translated from the fourth German edition needs 
no special introduction. The work has served its purpose so 
admirably that it is already well known to all workers in the field 
of organic chemistry. The translation is excellent, and as was 
stated in the preface to the first English edition it ‘‘is intended 
for those students of chemistry who have not yet become 
sufficiently familiar with scientific German to be able to read it 
accurately without constant reference to a dictionary.’’ In the 
present edition a number of new illustrations have been added, 
and in many cases the laboratory directions have been improved. 
In that part of the book dealing with preparations, methods for 
the preparation of the following substances have been added : 

glycol, dimethylcyclohexanone, s-xylenol, phenylhydroxylamine, 
nitrosobenzene, f-tolyl aldehyde (Gattermann-Koch synthesis), 
salicylicaldehyde (Reimer and Tiemann’s oxyaldehydesynthesis), 
cuprous chloride, the decomposition of inactive mandelic acid 
into its active constituents, and a zinc dust determination. 

H. Fay. 
. LOGARITHMS OF NUMBERS AND CHEMICAL FACTORS. By CHARLES R. 

SANGER. Publication Office of Harvard University, Igor. 

This publication in the form of a large card, is essentially a 
fifth edition of the well-known table of Wolcott Gibbs. It is. 
based on the table of atomic weights which was compiled by 
Richards in April, 1901, and covers thirty-seven elements. The 
logarithms are those which are required for the reduction of 
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ordinary analytical data, such as the calculation of K or K,O 
from K,PtCl,, etc., and they are presented in very compact and 
convenient form. ‘To chemists who are accustomed to compute 
from factors rather than from direct atomic weights this work is 
undoubtedly useful. F. W. CLARKE. 


AN INTRODUCTION TO CHEMICAL, ANALYSIS, FOR STUDENTS OF MEDICINE, 
PHARMACY AND DENTISTRY. By ELBERT W. ROCKWOOD, M.A., M.D., 
professor of chemistry and toxicology in the college of medicine ; profes- 
sor of chemistry and metallurgy in the college of dentistry ; lecturer on 
toxicology in the college of pharmacy, of the University of Iowa. Illus- 
trated. Philadelphia: P. Blakiston’s Son & Co. Igor. Price, cloth, 
$1.50 net. 


This book first treats of the general plan of analysis and of 
apparatus and reagents, technical terms employed and explains 
general operations. 

The author assumes that there has been some previous study of 
general chemistry or that this study is pursued at the same time. 
He does not refer to other works. 

The book is divided in four sections: the first and second em- 
brace qualitative and quantitative analysis respectively ; the third, 
applied analysis, includes the sanitary examination of water, detec- 
tion of poisons and. blowpipe analysis ; the fourth includes prep- 
aration and testing of reagents (in tabular form), tables of ele- 
ments and atomic weights, and the metric system. 

Under quantitative analysis there is a chapter on organic com- 
pounds comprising under each a short chemical characterization 
and methods of testing for purity. 

Appended to each qualitative group are a number of questions 
calculated to aid the student in fixing results in his memory, 
and to develop in him a habit of reflecting and reasoning on his 
work. The quantitative work comprises volumetric processes only, 
and covers the most important of these. There are cuts of appa- 
ratus and an index. 

The author disclaims in his preface any intention to make of 
the student an analytical chemist, his aim being to inculcate re- 
flection and self-reliance, and to give a practical chemical knowl- 
edge through which the student can thoroughly master his pro- 
fession. The book should be a useful one to those for whom it is 
intended. RoBERT E. DIVINE. 
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METHODS FOR THE ANALYSIS OF ORES, PIG IRON, AND STEEL. In use at 
the Laboratories of Iron and Steel Works in the region about Pittsburg, 
Pa. Together with an appendix containing various special methods of 
analysis of ores and furnace products. Contributed by the chemists in 
charge, and edited by FRANCIS C. PHILLIPS. Second edition. Easton, 
Pa: The Chemical Publishing Co., 1901. 170 pp. Price, $1.00. 
Probably in no manufacturing district in the world can there 

be found such a brilliant company of technical chemists as belong 

to Pittsburg, and its vicinity. Unfortunately for their brethren 
of other localities their work has been recorded almost exclusively 
in the Proceedings of the Engineers’ Society of Western Pennsyl- 
vania, ‘The publication of the first edition of this book came, 
therefore, as an exceedingly welcome event, and the second or 
present edition, containing as it does so much that is new and 
valuable, deserves and will get an even heartier appreciation. 
While eastern chemists have not come to a realizing sense of the 
superiority of barium hydroxide as an absorbent in the determi- 
nation of carbon in steel, nor recognized the advantages of 
weighing over titrating the yellow precipitate in phosphorus 
determinations, there are nevertheless very many processes given 
whose value places them far beyond the possibility of difference 
of opinion. McKenna’s wonderful method for chromium and 
chrome iron ores, his improved reductor, his delightfully easy 
and ingenious method of determining carbon in ferrochrome; Han- 
dy’s noted method for phosphorus in newest form ; Camp’s clever 
méthod for phosphorus in coal, his valuable paper on phosphorus in 
ores and steel containing arsenic, his very convenient method of 
determining alumina; and Glass and Manby’s simple and con- 
venient volumetric method for tungsten. There are besides many 
original and ingenious little manipulative details. Occasions for 
criticisms are meager. ‘There is to be noted, however, a very 
general disposition to ignore the precautions laid down by Blair 
in the determination of sulphur by the aqua regia method. It is 
the writer’s experience that even more stringent ones are neces- 
sary. Again many of the western chemists have discontinued 
the use of Drown’s method in determining silicon in pig iron. 

On account of titanium this would seem inadvisable even when 

the hydrofluoric treatment is used, and entirely inadmissible, of 

course, when this treatment is omitted. 

This edition is well printed on good paper, and attractively 
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bound. Like its predecessor, it will find a place in every metal- 
lurgical laboratory. GrEorGE AUCHY. 


LES CARBURES D’ HYDROGENE, I85I-I9g01. RECHERCHES EXPERIMEN- 
TALES, par M. Berthelot. Three volumes. Vor. I.—ACETYLENE AND 
THE TOTAL SYNTHESIS OF HYDROCARBONS. VOL. II.—PYROGENIC Hy- 
DROCARBONS; VARIOUS SERIES. VoL. III.—THE COMBINATION OF Hy- 
DROCARBONS WITH HYDROGEN AND OXYGEN, THE ELEMENTS OF WATER. 
Paris: Gauthier-Villars. 1IgoI. 

The classic researches of Marcellin Pierre Eug. Berthelot upon 
the total synthesis of carbon compounds from their elements con- 
stitute the chief cornerstones of the beautiful and elaborate 
structure of modern synthetic organic chemistry. The appear- 
ance of the present publication, therefore, from the hand of the 
master, should be welcomed with deepest gratitude by every 
organic chemist. It is as unnecessary to recommend such a book 
to the student of organic chemistry, as it would be to recommend 
Shakespeare to a student of literature. 

The work is not in any sense a treatise embodying all that is 
known about the hydrocarbons, but a collection and republication 
of the author’s researches in this particular field. All of these 
investigations were conducted in the laboratory of the Collége de 
France, where the author made his début as “‘ preparateur’’ 
(1851-1859), and where he has occupied a professorial chair 
since 1864. For over halfacentury he has made a study of these 
compounds, especially in the direction of their synthesis from the 
elements and of the effect of high temperatures upon them, pub- 
lishing many hundred memoirs, notes, and notices, which are 
scattered through various scientific journals, more having ap- 
peared in the Annales de Physique et de Chimie than in any 
other single journal. These scattered articles have been gathered 
together and properly classified in the present work, so as to show 
clearly just how far each leading thought has been carried out 
experimentally. 

The subject-matter is arranged in seven books which are bound 
in three volumes. 

Book 1 (263 pages) is divided into sections as follows: Sec- 
tion 1 (18 chapters) contains a description of the synthesis of 
acetylene from carbon and hydrogen ; the details of its preparation 
and properties ; its synthesis by the action of electric sparks upon 
simple gaseous compounds ; studies of electrical equilibrium be- 
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tween carbon, hydrogen, acetylene ; the various conditions for 
the formation of acetylene by incomplete combustion, by the 
action of red heat upon other hydrocarbons, etc.; its formation 
by the action of potassium hydroxide upon sulphonates ; and, 
finally the synthesis of ethylene from acetylene. The recent 
work of Bone and Jerdan (Proc. Chem. Soc., No. 240, page 162), 
is interesting in this connection. These authors find that in the 
electricarc, at a temperature of about 1200° C., carbon and hydro- 
gen unite with the production of small amounts of methane and 
ethane in addition to acetylene. Section 2 (6chapters) is devoted 
to the polymers of acetylene, including the synthesis of benzene, 
styrene, and of the hydrides of naphthalene and of anthracene. 
Section 3 (8 chapters) contains the experiments made, mainly in 
collaboration with M. Vieille, upon the detonation of acetylene, 
a subject which is now one of considerable importance on account 
of the use of acetylene for illumination. Section 4 (4 chapters) 
describes the author’s first experiments, begun in 1857, upon the 
synthesis of hydrocarbons, which were conducted before the dis- 
covery of the synthesis of acetylene, such being the production 
of methane from carbon bisulphide, the conversion by heat of 
methane into ethylene, ethane, propylene, etc., and the prepara- 
tion of hydrocarbons from haloid ethers. Section 5 (2 chapters) 
records the synthesis of formic acid from carbon monoxide, and 
the resulting synthesis of hydrocarbons by the dry distillation of 
formates. 

Book 2 (147 pages) treats of the derivatives of acetylene ; its 
combinations with nitrogen, including the synthesis of hydro- 
cyanic acid ; its combinations with oxygen, resulting in the syn- 
thesis of acetic, glycollic, and oxalic acids, as well as phenol ; its 
combinations with halogens, leading up to the synthesis of hexa- 
chlorbenzene ; and, finally, certain of its metallic compounds. 

Book 3 (352 pages). Section 1 (7 chapters). ‘The action of 
heat upon isolated hydrocarbons’’ begins with a table of 
the heats of formation of various hydrocarbons from their 
elements, the data which govern all transformations, and then 
records investigations of the action of heat upon methane, 
ethylene, benzene, and their homologues. These experiments 
form the sequel to the syntheses accomplished by the polymeri- 
zation of acetylene. Section 2 (17 chapters). ‘The action of 
heat upon mixed hydrocarbons.’’ This includes the action of 
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acetylene upon benzene, styrene, ethylene, and propylene, and 
pyrogenic synthesis of benzene homologues; the discovery and 
synthesis of acenaphthene ; the study of various hydrocarbons 
contained in coal tar and of the styrene series; also, the first 
researches (1851) upon the pyrogenic products obtained from 
alcohol and from acetic acid, the first rough investigation of facts 
which found their interpretation in the light of experiments 
executed fifteen years later ; the results obtained in 1858 upon 
the formation of hydrocarbons by the distillation of salts of the 
fatty acids, and containing more carbon than the fatty acid from 
which they were obtained, thus forming the sequel to the 
synthesis of hydrocarbons by the dry distillation of formates, the 
direct derivatives of carbon monoxide. The results of all these 
experiments are marshalled in support of a hypothesis upon the 
origin of hydrocarbons in the mineral kingdom, such, for example, 
as petroleum, which assumes the production of metallic carbides 
within the earth’s crust, which then are decomposed by water, 
the hydrocarbons evolved being polymerized and reduced. This 
is essentially the hypothesis which has been favored by Moissan 
and by Mendeléeff. The theoretical laws governing the action of 
heat upon hydrocarbons, pure or mixed, are reviewed and 
deduced thermochemically. Section 3 (3 chapters). ‘“The study 
of illuminating gas.’’ The natural consequence of the foregoing 
* investigations, which it corroborates in many points. Section 4 
(6 chapters) deals with the analytical processes used in these 
investigations. Section 5 (1 chapter) considers the action of heat 
upon carbon monoxide; while Section 6 (2 chapters) records 
experiments made as to the action of the electric discharge upon 
carbon monoxide, pure or mixed with other gases, and upon 
hydrocarbons. 

Book 4 (202 chapters). Section 1 (3 chapters), the pro- 
duction of allyl iodide by the reduction of glycerine, and the 
preparation from this of allyl isothiocyanate and sulphide. Also 
the preparation of propylene. Section 2 (5 chapters) treats of 
the isomerism of trimethylene and propylene, a type of what the 
author calls ‘‘dynamic isomerism.’’ Section 3 (10 chapters) 
deals with the camphenes and their derivatives, showing their 
fundamental types, their synthesis and that of camphor, as well 
as the phenomena of dynamic isomerism which characterize the 
oil of turpentine. / 
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Book 5 (288 pages) deals mainly with the reduction of hydro- 
carbons and includes the action of free hydrogen upon hydro- 
carbons, the retrosubstitution of halogen derivatives, and the 
general applicability of concentrated hydriodic acid as a powerful 
reducing agent for carbon compounds of all kinds, a method 
which was discovered by the author in 1857 and particularly 
investigated and developed by him in 1868. 

Book 6 (80 pages) is devoted to studies upon the oxida- 
tion of hydrocarbons. It treats of the following topics: the 
oxidation of hydrocarbons in general; new methods for the 
synthesis of organic acids ; the oxidation of allylene and of other 
hydrocarbons; the limited oxidation of hydrocarbons; the 
synthesis of bibasic acids from hydrocarbons; the oxidation of 
organic acids and of the benzene hydrocarbons ; the use of potas- 
sium permanganate as an oxidizing agent ; closing with a dis- 
cussion of the camphors and the true function of ordinary 
camphor. 

Book 7 (87 pages) is taken up with the experiments upon the 
synthesis of alcohols from hydrocarbons. It includes the synthe- 
sis of ordinary alcohol from ethylene, of isopropyl alcohol from 
propylene, of ethyl iodide from ethylene; the history of the 
synthesis of alcohols ; the direct combination of olefines with 
hydracids ; the synthesis of methyl, normal propyl, and isoamyl 
alcohols, and the isomerism of alcohols. Also, the characteriza- 
tion of alcohols by the direct formation of their esters, a method 
first applied successfully to borneol and cholesterine, whose 
structure was then unknown, and later to glycerine and the 
various saccharine principles, leading to the discovery of poly- 
atomic alcohols and the establishment of the general system of 
classification for organic chemistry. 

MARSTON TAYLOR BOGERT. 
THE ELEMENTS OF QUALITATIVE ANALYSIS. By W. A. NovEs, PH.D. 

Fifth Edition. New York : Henry Holt and Company. Igor. iv + IoI pp. 

Price, 80 cents. 

The fifth edition of this book is practically the same as the 
fourth with the exception of that portion in which the detection 
of acids is considered. This part has been rewritten according to 
the methods §proposed by Abegg and Herz, but their methods 
have been systematized, elaborated, and extended. 

The book consists of an introduction dealing with the general 
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procedure such as precipitation, filtration, etc., and a discussion 
of that part of the theory of solutions relating to analytical opera- 
tions ; Part I, which deals with the systematic procedure for the 
detection of the metals, including a table of reactions of the various 
metals and acids with the usual reagents; Part II, which deals 
with the systematic analysis for the metals and the procedure for 
the analysis and detection of the acids ; a special part which treats 
briefly of the qualitative analysis of water, iron, and gold and 
silver ores. 

In regard to the introductory chapter it has been the experi- 
ence of the reviewer that the theory of solutions relating to ana- 
lytical chemistry cannot be properly taught by means of a 
chapter of this nature. It would seem to be much prefer- 
able to introduce the subject as the author has done, and then 
to present throughout the text examples apropos to the subject 
in hand, thus impressing upon the student’s mind the applications 
and the significance of the theory. As it stands at present the 
student will be entirely absorbed by the ‘‘ finding’’ of some par- 
ticular element, and not upon the conditions by which this may 
be best accomplished. 

Parts I and II are arranged practically according to the method 
originally adopted by Fresenius, which involves the use of numer- 
ous cross references and on this account is more or less confusing 
and is not so convenient as the direct statement of procedure. A 
noticeable omission is that of the Marsh test for arsenic which ap- 
pears only in one of the tables of reactions and thus the enor- 
mous importance of this test is not emphasized. The method 
for the separation of calcium, barium, and strontium, while en- 
tirely satisfactory, is not so delicate as the ether alcohol method 
which has been shown to be very accurate. 

The generally satisfactory nature of the book is indicated by 
the fact that it has already passed through four editions. 

HEnry Fay. 
THE LABORATORY COMPANION TO FATS AND OILS INDUSTRIES. By DR. J. 
LEWKOWITSCH, M.A., F.I.C. London: Macmillan and Co. Igor. 
xi-+ 147 pp. Price, six shillings. 

With the exception of five pages of introductory matter this 
volume consists of tables. For methods of work and for full ex- 
planation of the tables, one must refer to the author’s ‘‘Chemical 
Analysis of Oils, Fats, and Waxes,’’ second edition, 1898. 
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The work is divided into three parts, dealing with: 1. System 
and Examination of Fats and Waxes; 2. Fats, Oils, and Waxes, 
and the Commercial Products Derived Therefrom ; and 3. Gen- 
eral Tables. Part 2 includes the greater part of the work and is 
divided into two parts, A, containing the constants and variables 
of the oils and waxes, and B, dealing, in eight sections, with the 
commercial products of the fats and oils industry. 

While these tables follow, in a general way, the lines laid down 
in the author’s ‘‘ Chemical Analysis,’’ one finds on examination 
much additional matter in the tables, such as the constants of 
varnish gums and the detailed information regarding commercial 
driers. 

The author has brought together a great mass of facts and has 
arranged them in an attractive and convenient form. The book is 
well indexed and deserves a place both in the technical reference 
library and in the working laboratory. H. A. Huston. 
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